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TRANSLATOR'S PREFACE 


PuoKKHHOH II WNs vnS dreTNKi: has divided (la* study of 
chemical engineering into two groups, nnmeh : energy and 
mat ter ; urn! beginning with a general discussion of the \ arious 
forms of eiterg\, has written four volumes covering tin* subject 
I h >tU theoretically and praet ieally. 

The present \ ultimo deals with heat (Miri^v and finds, and 
contains a large amount of carefully tabulated data in conven¬ 
ient form for two, A groat dual of tins data is now and will ho 
woloomod by chemists, metallurgists and engineers. 

Although the hook is intended for use in universities and 
engineering schools it is of equal value to practising engineers, 
since it gives not only tho fundamental principles, hut also tin* 
latest experimental data and pmetieo. 

Among tho tuples of greatest pmotioal interest art*: Measure- 
mont of high temperatures and lain data on tin* molting points 
of various suhstunees: disoitHsion of inoomploto combustion* 
romlmstion temperatures and rombustion at constant \ultimo 
and constant pressure, and an immonno mmmnt of data on solid, 
liquid and gaseous finds ami thoir production. dim chapters 
on tho gasification of finds, which contain tho, results of tin* 
author's own experiments as well m those of Strneho atnl Jahnda* 
are of especial \nlue. 

Tin' hook has hoon extremely well received in Europe, where 
it is which used both in schools and in practice as a text-book 
and handbook. 

THE TRANSLATOR. 

New Ymm, Mtwmk *r, IlHiH, 
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AND FUFLK 


INTRODUCTION. 

(’1IAITKR i. 

GENERAL REMARKS. 

If w e consider the* immense ri<U % s that technical science 
has made in tlit* second half of the nineteenth century; if we 
observe li«nv prosperity is increasing, especially in tlu* countries 
prominent in engineering; and how, as a natural sequence, tlu* 
standing and influence of engineers an* constantly growing in 
these countries, we are forced to ask by what imams all this has 
entne to pass -in other words, to what eireum,stances are we 
indebted for this remarkable progress? 

A close study of the development of technical science shows 
its close connection with the natural development of mankind. 

At first, man had no other resource in his struggle with wild 
animals and natural forces than himself, that is, the* organs given 
him by nature. Necessity taught him how to protect himself 
from cold by meins of clothes, to seek protection from expo- 
sure to the weather, and led him to build dwellings. Nature 
gave him a cave for his first home, but he noon learned to 
construct artificial shelters 

In his struggles with wild animals lie tried to increase his 
efficiency, fun* this purpose he first tried to lengthen his reach 
with a stick. Then he found that a thrown stone was able to 
net far tieyotid tlu* immediate range of his arm, 

lie soon found that there were expedients for using the 
strength of his muscles to greater advantage, and he* Irgan to 
devise primitive hW.s in the widest sense of the* word, liis 
problem now was to select the material most adapted to his 
purposes from the mineral, vegetable and animal kingdoms; 
itta Ltitosifttm wmm cnfwtdcmhlv hummuml Aw 


o 


HEAT ESEMtiY AM) EE ELS 


the material suitable for his tools and implements eould not. 
always bo found near at- hand, man had to get it by barter, 
and we have the beginning of commerce and trathe. 

It was a great, advance in tI k* progress of civilization when 
man learned to use fire; this discovery is of special inter¬ 
est to us as chemical industry depends on it. In (‘lose 
connection are the manufacture 4 of burned elav-vessels (the 4 
beginning of ceramics) and the produetiem of medals, both of 
which am of the 4 gre 4 at(‘st importance* in the 4 development. of 
civilization, as limy furnish materials that are 4 especially suite*d 
for the 4 , manufacture 4 of implements and arms of various kinds. 
Herewith are connected other improvements, such as the 4 prep¬ 
aration of food by boiling, broiling, roasting and baking, the 4 
preparation of alcoholie 4 be 4 ve 4 mge 4 s, the use 4 of fermentation in 
baking bread, dyeing, tanning, etc. 

At first man lived alone 4 or baneh'd in small families. 
With in(‘re 4 asing civilization, < 4 sp( 4 cially aftt 4 r tire* Icginnirig of 
agricultures and eattle-breediug, whie*h enabled a number of 
people 4 to live 4 fogt‘the 4 r by insuring the 4 i|( 4 ec 4 ssiti( 4 s of life 4 , e‘lans 
wore fonne 4 d by the 4 union of families, and therefrom, grad¬ 
ually, flu* na.tions. lints division of labor was made 4 possi¬ 
bles; the individual memtbers of sued families or clans were 4 
enal)le 4 d to de 4 vote 4 their time 4 to the* solution of certain tasks, 
according to their individual skill and inclination. (! rad uni 
evolution along these* bums, in the* course 4 of thousands of years* 
resulted in the 4 differentiation el* skilled labor into distinct traders 
and professions, and on this foundation modern engineering and 
the modecn industrial system developed. 

In the Middle 4 Ages the* skilled artisans we'n* working by rule* 
of thumb, and frrquemtly kept their methods of working secret. 
At that time 4 the 4 re* was no engineering seiemec in existence in 
the modern sense of this word. This is but natural* siuee the* 
process of masoning was hampered by insuf!it*icuit and ecmflietiug 
data; and was, tnore 4 ove 4 r, entirely different from our modern 
way of thinking, the base* of which is natural science. This 
inteiiemd with tlu 4 progress of tin* trades and the 4 development 
of progressive 4 methods. The 4 period of Ronuissaneo only brought 
a change 4 hy guiding us back to the* obs< 4 rvation of nature. 

This e*hang<\ naturally, eould take 1 place 4 only slowly and 
gradually* as thc 4 re is no more difficult task for a man, not 
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accustomed to it, from Ins youth, than to observe and think 
accurately; on the other hand, the scientists formed at that time 
an entirely separate class, just as did the trades and profes¬ 
sions, and a long time was required before the gap between the 
two was bridged over, so that science and the trades could work 
together. 

At first the sciences had to bo developed, before being 
utilized in the trades; but soon — at least in some directions — 
mutual relations presented themselves, which decreased the 
gap, at the same time advancing both science and the trades. 
Thus the invention of the printing press made it possible to 
communicate one’s thought or word easily to all the world, while 
the invention of the steamboat and railroad brought people 
in different countries directly together. Commerce became a 
world power and opened new markets. Competition started 
and with it came the necessity of making improvements. 

In this way in the course of the nineteenth century modem 
engineering anti the technical sciences originated, which now 
represent one of the most influential factors in modern civiliza¬ 
tion. Hut this enormous progress was directly based upon the 
correct practical application of the natural sciences. 

Whereas formerly science was the foundation on winch modern 
engineering developed, the reverse is now often the case. Every 
new scientific! invention is still carefully followed up by the 
engineer and utilized for practical purposes, even more than ever 
before. But it often now happens that the engineer promotes 
science by making a scientific research in order to solve a 
technical problem. 

This indicates what must be demanded now of a good 
engineer. 

He must have a thorough scientific education and must be 
able! to work scientifically in unexplored fields; he must gain 
practical experience, which necessitates highly developed powers 
of observation, and h(! must have the faculty of utilizing the 
results of science in practice. For this purpose he must be able 
to think logically, scientifically and technically, for these two 
requirements are by no means identical. 

We have seen above how the. trades were gradually trans¬ 
formed to modern industries. Like all great changes, this 
transformation involved serious complications; the conflict 
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between capital and labor originate*el capitalism and so(‘ialism. 
Be*twe*<*n capital, that, makes the creation of large industrios 
possible, and labor, which first of all represents the producing 
power in the industries, stands the engineer, the mental leader. 
His is the task not only to keep up order and discipline in the 
enterprise, but also to act as mediator between those two opposite* 
parties. This is not. easy, nor pleasant, but it is a very important 
duty. Its fulfillment requires energy toward both sides, and 
sometimes even apparent harshness; but also a good heart and 
the earnest desire to find out the causes that are at the bottom 
of the endeavors on bot h sides, 

Kvery worker, including the engineer, who works with his 
intellect, is right in asking for reasonable wages, and it is per¬ 
fectly right and proper that the capitalist, who lends his money 
to the. enterprise, should expect a profit out of it. This is the 
main cause of the conflict. The industrial enterprise as such 
must also earn something. It is necessary to put aside capital 
for protection against, unforeseen events and against menacing 
competition, for making enlargements, etc. Every industry 
must, therefore, endeavor to make a profit. If the management 
of an enterprise is to remain in the hands of the engineer he has, 
therefore, to be familiar with commercial questions and economic 
problems. 

Like all others the* chemical industry needs buildings, appa¬ 
ratus, machines, and means of transportation, and tin* chemical 
engineer should know something about these mechanical appli¬ 
ances, not only in the interest of the industry, but also to insun* 
him his position, as otherwise the business management will be 
given into the* hands of a business man, and the* technical mam 
agement into the hands of othe*r {nomchcmicall engineers. 
This will be*. e*spe*cially the* ease* in places where* labor is scarce* 
and wage*s high, as it them Incomes necessary to reduce* the* 
e)pe*rating e*xpe*nst*s by the* installation of mechanical appliances. 

Attention has to be* paid also to the* welfare* of the working* 
man by the provision of baths, hospitals, schools, etc., which 
also requires special knowle*dge. 

Finally the* engineer must have a very important faculty, 
that is, to kee*p coed in danger. This faculty has its own com¬ 
mercial value*, since* on it human lives often depend. Related 
therewith is courage, which in moments of danger enables a 
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man to l)e cautious and quick, to consider all possibilities, and 
to act for the greatest good. 

Much is, therefore, expected of an engineer, and the question 
is, how shall the chemical engineer acquire all these qualities 
and this knowledge? 

Coolness anti courage are traits of character that each must 
acquire for himself; hence we cannot consider them here. Nor 
can practical experience be taught in a school, by a teacher or 
text-book, since practical experience is not the knowledge of 
such facts as are stated in technical text-books, but rather the 
faculty of making proper use of such facts in practice. This 
faculty is best acquired in practice if the eyes are kept open. 
Instruction, however, can help a man to educate himself in 
correct technical thinking, as we will proceed to show. 

It is the task of the school to give to its students a thorough 
scientific education, i.e., to give them, as far as possible, a 
thorough theoretical foundation. The school must encourage 
original research and independent scientific reasoning; it must 
increase the powers of observation and judgment, and must 
show by concrete examples how scientific results are used in 
practice. 

But this is not so easy a task as appears at first sight. First 
of all the data available for lectures on chemical engineering are 
so limited that it is absolutely impossible to discuss and treat in 
detail all the branches of the industry. Only such branches of 
chemical engineering can be treated in detail as are either of 
groat industrial importance (like fuels, combustion, the industiy 
of heavy chemicals, iron and steel metallurgy, etc.) or those 
branches which seem especially adapted to develop in an engineer 
the faculties sketched above. Special stress is to be laid on the 
discussion of the theoretical basis of the various processes, and 
the discussion of apparatus is to be limited to the most important 
types. It may frequently happen that such typical examples 
are not taken from latest practice, but from older methods of 
operation, if the latter show the fundamental process with 
greater clearness. 

While this principle also holds good for the writing of a text¬ 
book on chemical engineering, we are permitted to cover a wider 
field; for limitation in the selection of the various industries is 
not as essential as in lectures. However, even a text-book, the 
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obj< 4 ot of which is first of all to suppicmemt lectures, should not 
be too voluminous. 

Compared to a book the personal lecture has a great advantage 4 , 
in that the' teacher can observe from the attentiveness of his 
students whether he is understood; and if not he can explain 
his subject more in detail. A text-book cam therefore, never 
entirely replace the lecture, but may be very useful in supple¬ 
menting it-. 

However, neither lecture nor text-book alone can accomplish 
the same ends as university or college instruction, since the* latter 
has two additional aids in excursions and laboratory work. 
The latter should not bo limited to analytical work; on the con¬ 
trary the student ought to ho a good analyst when ho starts to 
work in the chemical engineering laboratory. Naturally he has 
to do analytical work also in this period, but this should not Ik 4 
his principal work. In this stage synthetic work should be kept 
in the foreground, with solutions of problems such as may 
actually occur in practice; it is even advisable that the 4 students 
learn to design plants and to make 1 critical reports on designs 
which have 4 been worked out. 

This goes far beyond the ordinary limits of chemical engineer- 
ing instruction and increase's the work of the 4 teacher; but. it. 
brings valuable rc*sults. dins kind of instruction, hnwcwr, is 
very diflicult in the ordinary laboratories and necessitates the 1 
installation of special technological schools. Their erection 
would simultaneously amend another defeet of present methods 
of instruction. As above 4 mentioned, instruction ns given now 
cannot but he 4 cncyclope 4 dical and is very far from being a 
thorough technical education. This, however, tarn be remedied 
by giving the* students in special schools an opportunity to 
acquaint themselves more 4 in detail with a limited field of chemical 

engineering according to their choice 4 .-without changing the 

present encyclopedic instruction in the whole 4 engineering field. 

Excursions are 4 also an important means of instruction, as 
the* student has a chance 4 to sea 4 actual industrial works, and to 
observe 4 operations carried out on a large 4 scale. If they are 4 to 
be useful and profitable, a numl>er of conditions should lie 
fulfilled. The numlxT of the participants should not lx 4 too 
grnat; if thos number of the students is very large 4 they must lx 4 
divided into several parties. At first only short excursions 
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should be made to stimulate the faculty of observation of the 
students. An excursion must not be made before the processes 
used in the works to be visited have been discussed in the lectures. 
Interest in excursions and resorption of the things observed 
are increased by exercises in designing, and by working out 
projects, as we have already mentioned. It would also be 
advantageous if a professor of mechanical engineering would 
participate in these visits. Such excursions should be aided and 
facilitated by the government, railroads and manufacturers. It 
hardly requires mentioning that a well arranged museum or 
collection of things of technical interest is also of great assistance 
in instruction. 

If we now turn to our subject proper — chemical technology — 
we find it difficult to define exactly the word “technology.” 

The name of our science, literally translated, means “disci¬ 
pline of the arts ” (r^vYj, Ao'yos). So we might conclude to 
dedine as technology the mechanics of all possible arts, from all 
the fine arts to the handicrafts. This, however, is not the case, 
as neither the, fine arts and handicrafts nor agriculture and 
mining belong to the sphere of technology. 

On the other hand, in various trades, which are not included 
in engineering science, the same appliances and methods are 
used as in engineering. 

The problem becomes even more complicated if we keep in 
mind that in technical processes not only substances are trans¬ 
formed but also energies so as to assume a more useful and more 
convenient form. 

We could, therefore, define technology as the science of the 
methods by which materials and forms of energy as we find them 
are transformed so as to become more useful and valuable. 


To what extent the value of a substance is increased by the 
work of the* engineer is shown by the following example, taken 
from a paper of the English ironmaster, Lowthian Bell: 


Mcaki of Iron. 

Price per Kg. 

Scale of Iron. 

Price per 
Kg. 

Pj(|/ i roc . 

0.01 

Needles from same. 

1.3 


0.014 

Fine wire. 

1.4 

, . 

Gas-pipes... 

0,02 

Fine needles from same . 

1.68 

Bessemer steel. 

0.02 -0.025 

Chronometer springs.... 

3.00 

Bessemer steel wire. 

0.3 

Finest watch-springs.... 

2000.00 
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'I'lic* transformation of <u list a nee** and energies always requires 
a. certain amount of work and always imohes the practical loss 
of a fraction of the substance or energy. 

To carry out the desired transformation, it is necessary to 
install a plant- with buildings and proper appliances, such as 
machines, furnace's, etc. The running (operating) expense's are’ 
ealeuluted as follows: 

(a) First eost of plant (to he depreciated). 

(M The operating expenses proper i wages* eost of raw 
materials, transportation, taxes, etr.h 

(r) Reserves for protection against all emergencies. 

On the other hand, the* unavoidable* loss of material anti energy 

in every pr< h*(*ss means a loss of capital anti an increase* of the* 
operating expense's. 

For (‘fleeting the* greatest possible* economy all these expense's 
and losses have* to be* reduced tee n minimum. 

The* mluction of the* first eost ami operating expenses depends, 
first, of all t on the* methods used; and, generally speaking, the* 
me'thod of operation will be* the more* economical 

1. The* lower the* first cost t capital invested). 

2. The* ehe*ape*r the* labor and the raw material used. 

d, The* quicker the* working iwhich mean* careful planning). 

T The* more* convenient tin* location e with respect to labor 
marked, and shipping fnrilities). 

f>. The* smaller the* kiss of raw material and energy. In 
this respect a method can Ik* made profitable in many eases by 
utilising again tin* losses (at least partly) either by using them 
again in the* same* process or by converting them into marketable 
by-products. 

U. The* quality and the selling price of the* finished product 
arc* naturally also of the* greatest importance. 

The object of a process earn 1 m* of two different kinds: 

Tim objc'ct may 1m*, for instance, a change of form (disinte¬ 
gration, agglomeration into larger pieces, change of shape) or n 
mechanical separation into products of different values. In the 
ease* of energies the* object may 1m* to transform them into use¬ 
ful forms. This is the case in utilmng the energy of a water- 
fall or of the wind by means of water-wlaads and wind-mills; 
or in the change of certain forms of energies into others, m in 
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electric generators. The science that treats on these subjects 
is mechanical engineering. 

Secondly, the object may be to transform raw materials by 
chemical changes into substances of a different chemical com¬ 
position, or to transform chemical energy into other forms of 
energy (mechanical energy, heat, light and electricity). All 
such processes are in the sphere of chemical engineering. 

J3oth branches of technology, however, are so closely related 
that it is impossible to draw a sharp line between the two. 
The manufacture of paper, for instance, and iron-foundry work 
is frequently treated in text-books of both mechanical and 
chemical engineering, while the purification of sulphur occurring 
in nature and of the native metals is often described only in 
chemical works, notwithstanding the fact that only mechanical 
and physical processes are involved. 

The chemical engineer has to use frequently, besides chemical, 
also mechanical means, and in many cases he has to be well 
informed as to water-wheels, steam-engines, blowers, pumps, etc. 
Mechanical and chemical changes are often so closely combined 
(as in annealing sheet metals, welding of iron, hardening of steel, 
etc.), that a correct idea of the respective processes can only be 
formed from a chemical-mechanical point of view. 

According to these explanations chemical technology can be 
divided into two main groups: 

1. Chemical technology of the energies. 

2. Chemical technology of materials. 

This book will treat of the first. 

In the chemical technology of materials use must be made of 
energy for forming the desired products, while in the chemical 
technology of energies materials must be employed as carriers of 
chemical energy. No strict division can therefore be made 
between these groups, but it presents many advantages for 
instruction. 

We therefore comprise under “chemical technology of the 
energies” the science of the change of chemical into other forms 
of energy and will consider the transformation of chemical energy 
into 

(a) Heat (by combustion, generated or consumed by other 
chemical processes; firing and refrigeration). 



10 


HEAT t:\ h'ltt,')' AM) I'CKLS 


{!>) Mechanical energy (explonvcs and internal combust! 
engines). 

(c) Radiant energy (mainly light, /.e M chemical illuminalh 
transformation into heat-rays is considered under a). 

(d) Klectrieity (galvanic* cells and steerage* but {arias). 

Especially in the' ease of production of heat from futd, and 
the rasa of explosives and illuminants, it is hardly possible* 
separate ehemieal technology of energies from the materp 
that furnish the* chemical energy to be* transformed, so th 
we will find it necessary to consider also the* technology of the 
materials. 


CHAPTER II. 


FORMS OF ENERGY. 

Enkhoy is the power to do work, if we call work a change 
of state in general. 

The performance of all our industrial operations requires a 
considerable amount of energy, for instance, mechanical energy 
in the working of metals, disintegrating of phosphates, cements, 
and other raw materials for conveying and transporting 
materials; heat energy for melting metals and burning of lime, 
cement and ceramic products; electric energy for illuminating, 
refining of copper, production of aluminum and chlorine; light 
energy for illuminating and photography; chemical energy in 
the production of chemical compounds, as chlorate of potash, 
explosives, etc. 

Energy cannot be made from nothing, but has to be procured 
from the natural reservoirs of energy in which it is accumu¬ 
lated. We are, however, enabled to draw from the accumu¬ 
lated energies of nature, and by means of certain machines to 
transform them into other forms of energy, but without increas¬ 
ing the total amount. This is, for instance, done in steam 
engines, electric generators and batteries, etc. 

Of the natural reservoirs of energy, the following are of 
industrial importance: 

1. rave motors (man, horse, etc.). 

2. Falling water (waterfalls, creeks, rivers). 

3. Moving air (wind motors and sailing vessels). 

4. Hubstanc.es in which chemical energy is stored. The 
most important of these are the fuels. 

All these available sourc.es of energy are actually-only inter¬ 
mediate reservoirs, their energy having been obtained from the 
sun in a more or loss direct way. The sun is, therefore, the 
original source of all energy, of all heat, of all electric energy 
and of all chemical phenomena on the surface of the earth. 
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The sun transmits energy to the 1 waterfall* by heating anti 
evaporating seawater; transmits energy to all plants hy deeom- 
posing the carbon dioxide 4 of the 4 air hy means ol its rays, trans¬ 
forming the plants in the 4 gremnd into fossil coal. 

It is evident that hy this transmission a large 4 amount of solar 
energy is lost. We 4 have 4 to add, for instance 4 , to the 4 water for 
c 4 vape)ration the 4 total latent evaporating heat, which is again 
lih( 4 rate 4 el hy the 4 condensation to liquid water and a large* part 
of the wafer eonelensed in the* mountains cannot he 4 utilized, 
partly on ae< 4 ount of prae 4 ti< 4 al re v asons, partly on ae 4 count of its 
see*ping info flu 4 grounet, and partly on ue 4 count of the* evapora¬ 
tion on its downward way; therefore the exp( 4 riments for 
directly utilizing the 4 radiant energy of the* sun deserve our 
most < 4 arnc‘st (‘onsieleratiom Precisely speaking, however, all 
these losses are only losses to the* industrial world and not 
to the earthy as, for instance*, by the* condensation of wafer- 
vapor,, the air layers, in which this phenomenon takes plaee\ are 
warmed up. 

The radiant energy of the* sun is, therefore*, the* only source 
from which flu* energy-content of our earth can 1m* increased, 
and the 4 radiation of the* e*arth is the* only sourer of energy 
le>sse 4 s. 

Before going into the* details of the* chemical technology of 
energies it might he we*ll to say a few wore Is aland the* differ- 
<*nt forms of energy. 

All possible changes occurring in a system can be* referred 
to three fundamental quantiles: The mass (d/) t the* space, 
whieh can be conceived as the rule of length or distance {//), 
and the. time (7 ? ). All iht*se changes can be reduced to changes 
of energies and we* can th(*re*fore 4 measure all forms of energy 
by using as units mass, distance and time. 

If we allow a system to go through certain changes Without 
adding or deducting energy, so that it returns again to the 
first state, then the system contains again the same form and 
the same quantity of energy as in the toginning. Energy 
cannot be lost or generated, but only transformed into other 
forms. 

The mathematical expressions for all forma of energy can to 
divided into two factors, the capacity factor and the intensity 
factor. The former is more or lew unchangeable, while cm tha 
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httor depends the equilibrium. Equilibrium between two 
quantities of energy is only attained when the intensities are 
equal. If we indicate the energy, intensity factor and capacity 
laetor with A T , l and c, respectively, we have 


and therefore 

if o is constant we have 

if i is constant we have 


K - Ic, 

dli Idc -I- cdi ; 


dli 


di 


dli 

dc 


i. 


ddiis defines exactly the nature of these energy factors. 
The following are the known forms of energy: 

1. Mechanical energy. 

2. Heat. 

3. Electric and magnetic energy. 

4. Chemical energy. 

5. Radiant energy. 


1. Mechanical energy occurs in the following forms: 

(а) Kinetic or actual energy. 

(б) Energy of space, which can be 

(1) Energy of distance'. 

(2) Energy of surface'. 

(3) Energy of volume. 

(a) The mathematical expression for kinetic energy is 
K ™ \ mv 1 2 3 . 


According to the way by which this expression is split into 
factors we get as capacity factor either m, which quantity is 
absolutely unchangeable, or niv, which is only relatively 
unchangeable, while as factor of intensity we obtain half the 


square of veloci 



or the velocity itself (v). 


The unit of kinetic energy is the Erg (E), which is the 
energy contained in the mass of a gram, when moving with a 



///•.tv /‘.a /;/*■</r .1 a/ i /-7 /•//.a' 


H 


velocity of 1 centimeter per second. The dimension of tli, 
kindir emerge mxpressed by .U, L and 7'h is 


|/w 





The energy uf spare occurs in three different i’urms in whir! 
the rapacity fartnr is represented by distance, surface 4 and vo| 
nine respectively. We have 


Konn of onori'y. 
Knemgy of distance 
Knemgv of surface* 

Hurray of volume 


( aparUy 
distance* * 
surface iaren) 
volume 4 


I u t t*OMi t y. 

force* 
tension 
[ iressure. 


The energy of distance arts two points in 1 hi* dins; 

lion of their connecting line. If we indicate the length (ilis 
tnnee) with / and the force with/, we have 


K 


f 


If, and therefore the force 

\lK 

til 


is equal to the ratio of change of energy to change of distune 
(length). If the energy of distance is transformed exclusive^ 
into kinetic energy ins in the ordinary mechanical and astro 
nominal problems) this equation expresses the acceleration, ri 
and them corresponds to the ordinary definition of force. 

The energy of surface is active on the surface* of lie puds am 
solids. Its intensify of factor, the* tension, is identical with lit 
constant. e*f capillarity. 

The energy of volume* appears in gases. Its factors are volimi 

and pressure*. 

We* have, theme‘fore, tin* following expressions for the* dimer 


ns of the* energies of 

space and its factors: 


Cupuoity. 

llitrlisity, 

Kit<'rev 

dinliuict* (/.) 

fonv j EL *| 

K 

NUrfucT (//“) 

tension j Ht, 'j 

K 

V( lltlllK* (//) 

presstire [h'L a | 

K 


We* know of two kinds of energy of distance, one of wine 

(ealleel gravity) arts lielween twee material points so that ill 
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(Miorgy increases with the distance and reaches a minimum 
when the points are in direct contact. It is governed by 
Newton's law of gravitation. If we indicate the energy of dis¬ 
tance with Jidj the two masses acting upon each other with m 
and their distance with r, we can express this law by the 
equation 


in which <\ and j 2 are constants. If r = go and Ed = c v it 
reaches a maximum. The differential of this equation gives 
us the ordinary form of this law: 

(IE . m t m 2 

dr = J = ^ “r 1 ' ‘ 

The quantity (\ is unknown; the second constant k 2 is, 
expressed in the centimeter-gram-second system, 

j 2 = 6.0 X 10 -8 . 

On the surface of the earth the force of gravity can be con¬ 
sidered constant for moderate altitudes, and the energy of dis¬ 
tance is directly proportionate to the altitude. 

Tins second kind of distance energy occurs for instance in 
electrically charged balls, and is distinguished from the former 
by reaching its maximum value at infinitely small instead of 
infinitely large distance between the bodies acting upon each 
other. For this energy we have 

E — and for the force 

r 

dE . m t H\ t 
dr ” ~ J * r- 

This force has therefore the same formula as in the first case, 
but is negative. While the gravity is an attracting force, this 
force is repulsive. 

We have seen above that two masses acting upon each other, 
under the influence of gravity, tend to approach each other; 
whereby the distance energy is decreased, being partly trans¬ 
formed into kinetic energy. 
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The decrease of distance energy, <•<.rr« -{»noiiuyc to u decrease 
in l of dl is 


in in , 

’ tlr. 


If WO Suppose' 

«, , A! mass of the earth ami in, in mass of a falling 
body, r H the radius of the earth and dr dh is an mere- 
mont, of the fall-distance, eorre-ponding to an infinitely .small 
change of distance energy, we have 

M . . .1/w 

dli d « j 2 r , m dh, an expression wherein /# , / «gravity). 

"It" 

Thence we (‘.an write 

(ilii f dh. 

As the lost distance energy is completely tnoistoiitied into 
kinetic energy of the equation dKg mr tit we ran make both 
expressions equal: 

/till MV (lt\ 

By integration between o and h and n aial r tw pee lively we 
obtain 

f f dh m / v dv or 


MV* 

fh ~ ■ - , as the 1 fundamental law for the mutual transforma¬ 
tion of kinetic and distance energy. 

If we put into/ <ll> mrdr for the aeeclerntion the value 

v , we get (lalileo’s law of fail: 

ill 

fdt in dr, or 

d l ■ . 

dt in 


Equilibrium between kinetic energy and distance energy can 
only exist if the two masses, acting tqxm each other, jut moving 
around their common center of gravity. 

Analogous to the two kinds of distance energy we can 
imagine two kinds of surface energy; however, we know only 
one of them, f.c., the one that tends to decrease the surface. 
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The cause of this is calk'd tension (y). a being the surface 1 , wo 
have 

<u<; 

da y ' 

which quantity is identical with the capillary constant. The 
surface tension is, down to very thin layers, independent of the 
thickness of same 1 , is proportional to the surface, and is depend¬ 
ent on the temperature and on the nature of the substances 
separated by the surface. 

A peculiar property of the surface energy is that changes in 
its value are accompanied by changes of heat energy. If, for 
instance, a soap bubble is increased by blowing, the surface 
energy increases more than would correspond to the mechanical 
energy used in blowing, the heat content decreases by a cor¬ 
responding amount, or, if the temperature is kept constant, the 
requisite heat has to be added from the outside. During the 
contraction of the bubble the entire amount of the disap¬ 
pearing surface energy cannot be transformed into mechanical 
energy, since as much heat energy is again produced as was 
tranformed into surface energy during the first process. 

Phenomena of equilibrium between surface energy and energy 
of gravitation occur in the rise of liquids in narrow tubes, y 
being the weight of the raised liquid and dli the elevation to 
which corresponds the infinitely small decrease of the surface, 
we have for the equilibrium 

/■ da ■- tj dli. 

As t,he decrease of the surface (da) must equal the product of 
the tangent-lino (u) and the change of height (dh), 

da udh, 

we have yu - <j, 

-i.e., the weight lifted equals the product of surface-tension and 
tangent-line. 

For the intensity factor of the volume-energy we have the 
expression 

dli 
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Of the two possible kinds of volume-energy only that is of prac¬ 
tical importance which decreases with iurrrnMug volume. 

If a gas or vapor is given off from a solid or liquid substance 
at constant temperature and constant prosunn \\c have 

/s’. r p ir r 0 i, 

or, considering only tht v volume of the gas formal, 
ti, ( 1 pr. 

In this equation for one* mol of all gases (* R7\ which 

quantity is known from the gas-(‘({nation. 

For an infinitely small change 1 of volume* of gases at constant 
pressure we have* 

dli v pdi\ 

From the equation 

pr ia\ 

itr . 


therefore - dh\ RT ^ * 

v 



or, for (‘onstant temperature, 



By integration between i\ and i\ f we get 

RTim/f k: 

v \ 

Fhero in little known of the relation l>et ween volume-energy, 
volume, and pressure, except in (he case of gases. 

For the equilibrium between volume and distance energy 
such as take's place, for instance, in a cylinder tilled with gas, iii 
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which a pressure is exerted upon the gus [ )y a j,i s t #ou working 
without friction, we have 

j dh p dv. 

The cross suction of the cylinder being <p 


dv (j dli, 

then pn J\ 

the force equals the product of gas-pressure and cross- 
sectional area. 

Before mentioning the other forms of (Mangy we want to 
consider a few general important considerations. 

If there is no equilibrium in a system between the forms of 
cnangy present, the system is undergoing a change so that the 
decrease of one form of energy is greater than the increase of 
I he other. Then energy goes over from place's of higher inten¬ 
sity to those of lower intensity whereby it is sometimes trans¬ 
formed into other forms of energy; to what extent such a 
transformation takes place depends on the nature of the system, 
which inasmuch as it effects a transformation of energy — is 
calk'd a machine. 

In the above supposed ease of unbalanced energy the neces¬ 
sary change of state of the system ran take place in various 
ways. A lifted stone, for instance, can fall vertically to the 
earth or can slide down an inclined plane. If will select, in 
fact, (he way along which if attains in the sumo length of 
time the greatest possible kinetic energy. The generalization 
of this principle is: Of all possible transformations of energy 
the one will take' place that‘will produce in a given time the 
largest, transfer of energy from the original form to some 
other. 

2. Heat was the first ham of energy to be recognized as an 
independent quantity. In connection with this form of energy 
two important- laws wore formulated, which laws also hold for 
all the other forms of energy: 

(a) Thermodynamic law; II('at can be transformed into 

mechanical work and other forms of energy and vice vena . 
This transformation takes place according to certain definite 
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laws. This law is based upon the fact that, energy cannot, be 
made nor destroyed, but only transformed trnm one iorin into 
another. Clausius has formulated this same law as follows: 
the energy of the universe is constant. 

(b) Thermodynamic law: Heat cannot go of its own accord 
from a colder to a warmer body. Applying this law to all 
forms of energy we can say: If two bodies are in equilibrium 
with a third with respect to certain forms of energy, they are 
also in equilibrium with each other as regards the same forms of 
energy. 

If we add to a body the heat, dQ at, the absolute temperature 
T, we have 


I 


dQ 

~T 


< 


0 (=- for reversible', 


< for noil-reversible processes). 


The second law has, furthermore, another important meaning. 
In a reversible process, carried out between very narrow limits 
of temperature (between T and T -I dt ), the heat quantity 
added to the system being Q, the infinitely small part 


dQ Q 


dT 

r 


of this added heat can be transformed into work or other forms 
of energy. This is a law of special importance in the study of 
energy. As, according to above explanation, we have for 


reversible 


rdQ 

processes J ^ 


0 , 


dQ 

r 


must 1 m‘ the total differential 


of a quantity which — just as the energy de|tends only on 
the state of the body, but not on the way by which this state 
was reached. Clausius calls this quantity “entropy,” and it. is 
generally denoted by s, and by introducing this quantity into 
the second principle we get 


dQ « T ds. 


Like all other forms of energy the heat can lie decomposed 
into two factors, one of intensity and the other of capacity. 
The former is the temperature, while the latter, according to 
circumstances, is represented by the entropy or heat-capacity. 
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The general equation of energy being 

A’ <•/, 

and the total differential 

die <■ di | idc 

\v(‘ have* for a constant, r (dr 0); 

die 

di ' r ' 

and for constant i (di 0) 

die 

dr 

Kor th<‘ heat, we have i T. If we add to a substance the heat 
quantity <IQ, so that, no other form of energy is generated (with¬ 
out being considered) and if wo determine the relation between 
the heat added and the increase of temperature effected 
therein’, we have 

dlC rdl, 

when‘in c stands for the heat capacity of the substance. 

In melting and evaporation and solidifying or condensation 
respectively, and also in many chemical processes taking place 
at constant temperature we have 

dI<J dcT 

or analogous to the former (“([nation 

dK ihf. 

The total values of the entropy being unknown we have to 
transform these equations by referring them to two states 
marked by index 1 and 2: 

(*, *,) dT (r, - r t ) di. 

We have, for instance, assuming equilibrium between beat 
and volume-energy, 

(», -■ *,) dT »» (y, - v t ) dp, 

or, 

ri dp _ 
v. — p . df 
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If we indicate the latent heat of tin* process referred to 
(chemical reaction, etc.) by / we have 



/ 

s ‘ y .' 

and therd'oro 

/ <lp 

T ()>, r,i <IT ' 


which expression is correct for all changes nf the Male of aggre 
gat-ion and all chemical change's ol state, that an* mnnectet 1 
with a change of volume'. We can transform it into 

/ (IT 

^ (r x rj dp (Clapey roti s equalmtiu 

4. As coefficient. of capacity of chemical energy the gram- 
atom of the elements or the gram-molecule is generally used, 
while as coefficient of intensity the ** chemical |«»tenfial M or 
simply “ potential ” is lists 1 (J. Willard tiihhsh For the latter 
quantity we have 1 , according to the general energy-equation, 

. dfi 


The individual values *of tin* quantities of ehemienl intensity 
being unknown, we can only consider their stun ns iippeurttig 
in equations of chemical reactions, If, for instance, h\ ami A, 
represent the total chemical energy-content of a system in the 
beginning and end state respectively, q being tin* energy gen¬ 
erated (liberated) in going from I to 2, we have 

H x K t l i/. 

If we divide now both side's of the equation by the capacity 
c of the system (c remaining constant in the processes Utah*!* 
consideration) we get 

A’, tf, |V , 
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As the capacity r is always a positive' <|uantity we* have*, 
il" ({ 0 q q if e/ „• 0 and q < A if q < (). 

Thence chemical e<|uilil>rium <*an only luko plaer if the* inten¬ 
sities of the* forms of ehemiical energy before and after the 

transformation are equal; otherwise if this is possible'. sueli 

a transformation will take' plane (hat the intensity decreases 
(and on account ol the equality of the capacities the total 
chemical energy of the system will also decrease). 

If instead of one single' chemical substance', as in the case 

above\ there are several, it must, be renamibeml that te> every 

one e>f them them* corresponds a certain ((uantity of chemical 
energy and also of intensity, so that, we <*an write' an energy- 
equation for evt*ry substance'. If we' go bae*k to* the (de¬ 
ments, he., to the* individual kinds of atoms present, anel 
mark tla'ir numb(*r before and afte*r the* transformat-ion with 
a/, a/, a/ . . . and nf\ n.'\ a/b .... respectively, tlu*ir 
energy content with Ef % AT, A’/, . . , , Ef\ A’/', E", and the 
(*nc*rgy of traction e*onne*e'tt‘d with the* transfeamatiem with 
e/, q*\ <f* f % we* have, for c*very kind e)f atom, 

a /Ef a./ {Ef I e/), 

v x "K” n” If if' ( e/'b 


or, for every single* atom, 




We*, therefore, ge*t the* following expression fen* the total 

reaction: 

n/Ef ! n/'E/ I . . . a ./A*/ I nf'E/ f . . . 

1 tf \ f i .... ( 3 ) 

By an analogous method we got for the* capacities 


nfef I a/V/' 


nf(\! + n/V/' 


or, as according to the above explanation nf •=* n/; n" ^ n a ", 
etc., nfcf h nf'e" f . . . - nfef {•• a"r a " (4a) 
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If wo divide each of the equations t2) with the eurrespcHid¬ 
ing capacity value, we got the intensity-equation 



to i 


and therefore for the total roaotion 


$ 


t ,y 



((») 


It is neeessary that for the equilibrium t\' t f . .. 

i 2 '+i"+ . . . and this is only possible if 0, he. if ]£</ 0. 

Now we eari arrange the intensities eorrespoiiditig to the 
original and final systems so that they correspond to the dif¬ 
ferent compounds appearing in the reaction-equation; if we 


also sum it]) the quotients and distinguish by index the stuns 

of intensities corresponding to every substance, we get the 
expression 


2/*■ + £/■ 


% b 


/1 


2 / 


1 1 


2 #/ 
i* 


For equilibrium 2} ^ ti¬ 

lt could be thought from the alxw* explanation that the 
energy of reaction of a reaction represents directly tin* change 
of the chemical energy of the system, when passing from the 
original to the final state. This conclusion, however, would is* 
incorrect, since not only the chemical hut also all the other 
forms of energy contained in the system are undergoing a 
change during the transformation. But we can go a little 
further in the case of chemical equilibrium, since in this case 
the intensities of the original and final system must have 
become equal, and since the capacity of the system must 
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remain constant during tht‘ transformation, the amounts of the 
various forms of energy also must be equal to each other. In 
the rase of the equilibrium, therefore, the heat-force of a 
reaction measures the distance of the non-chemical energy 
values before and after the reaction. 

For ascertaining the changes of chemical energy of a, system 
when passing from one state to another, we can start, from the 
energy of reaction accompanying this change of state, consid¬ 
ering also the changes that the other forms of energy are under¬ 
going. As such we find mainly the heat and the energy of 
volume, which will be better understood by the following 
example. 

The react ion 

//, ! | «) 2 ) II/) 

takes place with generation of heat. The quantity of this 
energy of reaction is calculated by means of KirchhofFs law as 
follows: 

Q r 58,291.0 } T25 T 0.002 T\ 

If the combustion is effected at constant' pressure and at 
constant temperature, the* difference of the heat-content, in the 
original and final stab* is calculated as follows: 

Heat content spec, heat X abs. temperature* 

Original system 1.5 (0.5 -I 0.0000 T) T 

Final system (0.5 I 0.002!) T) T 

Decrease of heat content T257 f - 0.002 7* 

If we deduct this decrease of the heat content (A IT) from 

the energy of reaction, we get 

Q r ~ A W ' 58,294.0 cal. 

We have to consider now the change* of the* vohnne-cnergy. 
The combustion taking place at constant pressure*, the* volume 
is decreased in the* ratio 1.5 to l, he., I mol steam is formed from 
1.5 mols hydrogen and oxygen. Tim volume-energy of the sys¬ 
tem is hereby increased by 0.5 ItT. This increase of the 
volume-energy, however, takers place under the influence e>f the 
outside pressure, is therefore representing the addition (supply) 
of foreign energy, and therefore has not to he considered here. 

lienee we have, for the decrease of the chemical energy of 
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the system in the complete transl'ormation from nrigiiml tn the 
linui state, A K /,• /,■, 

<l T u \ r .« ! T 

% 

Wo get. the same result if the reaction takes place at eou>tnnt 
volume. In this east* both the energy of reaction ami the 
deerease of tht* heat-content become h*ss by \ A*7\ since c is 
used instead of r /; . 

The change of the chemical energy is therefore independent 
of the temperature and equal to tin* energy of rear!ion at 
absolute 4 zero. 

TABLK I 

F.XKKOY OF VAIUOIS liKVTIoXS 



r rail 

Ih + i O, > 11,0 . . 

5S21H f» 

(H)+}o r .mo,, . 

OH |4 

o .f jOj-voo “ , 

2HI174 fi 

0 4 0, >0O, 

fifisfiti *t 

N, M> a >2 NO.. 

4IIW1II 0 

2 00 >00 a 4 0 . 

IMti? !i 

00, 1 H, ► 0 () f U a O 

mn? h 

0 4 ILO *0O 4 lb 

mrm i 

0 4 2 Fl a O—>< 1 <) a 1 2 Il 3 ... 

m:n :i 


As the direetion of ehemieal reactions i> not independent of 
the temperature, the* ehemieal changes of state do riot neees- 
sarily depend upon tin* ehemieal energy alma*, but also upon 
other forms of energy. When considering it measure of chem¬ 
ical affinity the chemical energy alone is not sufficient, am! we 
have to use, therefore, the change of the free energy of the 
system, in which tin* quantity q u appears its independent of the 
temperature (ehemieal energy). 

We have seen above that ehemieal equilibrium ran only take 
place if the intensity of the 4 chemical energy h*fore the change 
equals the intensity after the change. Otherwise such a change 
of state should take place that the intensity of this energy tn 
the system decreases. If, notwithstanding, this transfonnatum 
does not occur, the reason for this can only Im looked for in the 
compensating effect of other forms of energy. This m of the 
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greatest importance, as is shown by ()st wald in the following 
explanation: 

“ In chemical energy the possibility of compensating differ¬ 
ences of intensity is apparently very general, as can be seen 
from the fact, that in many eases it can be preserved without 
loss, praetieally speaking, for an indefinite length of time. 
The possibility of using ehemieal energy (be., of transforming 
it. into other forms) is necessarily connected with the pres¬ 
ence of differences of chemical intensities, which can be kept- 
up (be., compensated) as long as desired. 

“The forms of compensating energy can only in rare cases 
bo observed. This is the reason why wo know so little about 
tho presence of a function of chemical intensify. We see that 
in spite of the possibility of transformation of the chemical 
energy info other forms, for instance, in a mixture of oxygen 
and hydrogen, no such transformation takes place as long as 
the temperature remains below a certain point. In such 
oases we speak of a ‘passive resistance.’ We can explain these 
phenomena by supposing that, a compensation of the differences 
of chemical intensity, by other forms of energy, actually takes 
place, and that between the stage of oxyhydrogen-gas and of 
water at low temperatures intermediate stages are contained, 
which for the transformation (the other energy-quantities 
remaining constant) would at first effect an increase of the 
intensity factor; afterwards a very considerable decrease of the 
same, corresponding to the state of water, would take place. 
Such slates are called motastabile.” 

II Electric Encnjt/. The magnitude of intensity of electric 
energy is called electromotive force, or potential difference. 
Whik% however, the intensity of heat, the temperature, is 
counted from an absolute zero point, being therefore always 
positive, no such point has been found for electric potential. 
It. is therefore necessary to use an arbitrary zero-point 
whereby positive and negative potential-values are obtained* 

The quantity of electricity is used as a factor of capacity. 
If we denote the same* with E v the potential with n and the 
electrical energy with E v} we have 


E 
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For the quantifies of elertririty the law ol conservation can In* 
expressed as follows: The total quantity of eleelririty is con¬ 
stant, and equal quantities of positive and negathr electric 
energy are always present. 

If two quantities of electricity, I A’and h\ concentrated in 
mathenuitieal points at a distance r from each oilier, act upon 
each other, the potential dilTerenee being r, they exert upon 
each other a force/, which is given by the equation 

H F 

/ F'P- 

r 


K depends on the nature of the* medium lift ween tin* two 
electric quantities, and is called its dielectric constant. If we 
call the distance traversed by the two electric quantities under 
the influence of this force dr, we have for the electric energy 



and therefore for a change of the distance from r' to r, 


r !)- 

If we make r' - «, w<* have 

K 

or 

K - H 

* r 


r 


kK K 


If E x and E % are both positive or lxit.h negative, we see that 
KE X E \. 

—y— is positive, %.e., the electnc energy inemwtw with the 

decreasing distance, or: the two electric quantities of like sign 
repel each other. If, however, Ii x is positive anti 1<L negative, 
KKJL , 

rsa, —--- becomes negative; electnc quantities of 


or vice versa, 


unlike signs attract each other. 
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If we have two infinitely large quantities of electricity of 
opposite! sign stored in reservoirs having a potential difference 
r., and we connect these! two electricity reservoirs by means of 
a conductor, electric energy will flow from both into the con¬ 
ductor in the same way that heat-energy passes to a cold 
body. Thereby the two electric quantities neutralize each 
other in the conductor, the electric energy being transformed 
into heat. This shows how the electric current is produced. 

If the two quantifies of electricity are not infinitely large 
the generation of a uniform electric current, ( i.c. the preserva¬ 
tion of the saint* potential-difference between two cross sections 
of the conductor) will only be possible if the electric energy 
consumed in the conductor in tin* time-unit is constantly 
replaced at, the sou ret* of the electric current. If we refer this 
process to the time-unit, calling the ratio of quantity of elec¬ 
tricity to time * i, intensity of current, this intensity of 

current must be proportional to the potential difference x and 
furthermore be dependent on a coefficient, the quantity of 
which is determined by the quality of the. conductor. This 

coefficient is the conductance /; its reciprocal value r - is 

called the resistance of the conductor. 

We thereby arrive at Ohm’s law: 

i - l x 

TC 

r 

We have seen altove that in the conductor free electricity is 
neutralized, or electric, energy is converted into heat. If the 
potential difference across the ends of the conductor is n and if 
no other energy except heat is generated, we will have, if we 
call the heat quantity formed from electric energy “IT,” 

W - Q it. 

W 

Considering also the time ■ <y, 

Q Tt 


we have 
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\s — - / (inlonsit v) and as according to t Ilium law r ,/*, 
l 

wo can write 

q i /\ 


/>., the rate* at which heat is generated in a conductor is pm 
portional to the resistance and t*> the square of the inlonsit \. 
This is Joules law. 

Another important law of electrnchemist ry is Fanela\ * 
All motions of electricity in electrolytes take place only with 
simultaneous mot ion of ions, so that with equal quant it its* of 
eleetricity ehemieally equivalent quantities of the various mm 
an k moved. This law is eurreet for e\ery kind of elect rieity- 
movomont in conductors of the second class. 

Of special interest for us is the trnndormutiou of chemical 
into ('k'etrical energy as we find it in gab ante bat tone*. (t 
was thought at first that herein the chemical energy is per 
feetly transformed into cdiH*trienty. Thin, however, 0 hot 
correct. 

In general we can express these conditions by the equation 


/i a 



wherein K e moans electrical energy, H\ chemical energy, <J the 
quantity of electricity transferred in the electrolyte, the pofen 
tia.1 difference and T the absolute I tan pern tun*. 

The radiant energy is the lenM known of any form of energy, 
Ostwald says in regard to the* energy of radiation: 

“ The law of the eonservution uf energy shows a discrepancy, 
as we know some phenomena in wltieh energy present dim 
appears beyond the power of our senses and means nf ohnei- 
ration. It dot's not, however, disappear ulwnltitcly, as we «iin 
get back a tfuantity of energy equal to the amount lost. But 
in all those, east's it can In* proved that a certain f generally 
very little) time has elapsed during which the energy lias left 
one part of the system under observation, but has not yet 
appeared in the other part. From the fact that the energy 
reappears after a eertuin time, we make the conclusion by 
analogy that it existed during this interval in a different form: 
as long as it was present in this form, it was iiiijiereeptibli 1 to 
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us until ai l(T its retnuislormntion into oik*, of the forms of 
energy that wo can porooive with our senses.” 

1 his form, in which (ho energy has no connection with, and 
n ( > relation to our sense's, is called radiant energy or energy of 
radiation. By t ho regular relation between, the disappearance 
of energy Irom out* place and its reappearance at another place, 
we conclude that energy, if transformed into radiant form, 
travels through the space with a velocity of X .10 10 cm. per 
second. This is called the velocity of t ransmission of light (ray); 
it is correct, however, for radiating energy in general, from 
which light, may originate 4 . Klee trie energy is easily changed 
into radiant energy, which travels at tlu* same* speed, as energy 
originated from heat and chemical energy, which is generally 
called light. Based upon \V. Weber’s work Maxwell found, by 
comparing the formula for the electro-dynamic effect (long 
distance) and for the motion of light, that the principal con¬ 
stants are identical, and Hertz lately demonstrated by means 
of experiments that the periodical motions of radiant energy, 
through space*, generated by rapid electric oscillations, are 
governed by the 4 same law as the optical motions. To infer, 
therefore, as is done 4 generally at present, that light is an 
electromagnetic phenomenon, is as incorrect as if one should 
conclude, from the fact, that burning phosphorus emits light, 
that the light, is a. chemical phenomenon. We have, in all 
these rases, transformations of other forms of energy into 
radiant energy, that follow their own laws and ran be recon¬ 
verted by proper means into every other form of energy. 

Radiant energy can, as the other forms of energy, be pro¬ 
duced from other forms of energy or changed into the same. 
Its relation to mechanical energy is the least known. It cannot 
be said with certainty at present whether direct change of the. 
latter into radiant energy takes place at all. I was not able to 
find a single* positive proof of this transformation. This is the 
cause of the fact that tlu* mechanical energy, which acts in the 
movement of the* stellar bodies, remains essentially unchanged, 
while the* other formations which contain other kinds of energy, 
that are more* easily transformed into radiation, do not show 
such a constancy. The* transformation from radiant into me¬ 
chanical energy has also not been proven! beyond doubt; possibly 
such a transformation takes place in Orooke’s raeliometer. 
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Theoretically we 4 should ecxpe'et in (‘very substance that, yields 
radiant, energy, a. meaharmal counter (‘flee*! in the form of a pres¬ 
sure which works contrary to the direction of the radiation. 

On the other hand a pressure in the direction of the radiation 
corresponds to every absorption of radiant energy. This pres¬ 
sure is equal to the* radiant energy contained in unit volume. 
At the* very great velocity of the radiation this amount is gen¬ 
erally very small. 

(Contrary to mechanical energy thermic energy is very easily 
transformed into radiation. This change is so frequent and 
so regular that the thermic energy is often calk'd “ radiating 
heat.” This name 1 is as misleading as the definition of heat as 
a kind of motion; for the heat after transformation into radiant 
energy is not heat, just the 4 same as mechanical energy, after 
transformation into heat, has censed to exist as mechanical 
energy; in the* new state 4 the energy follows new laws and 
cannot be calk'd by the old name. 

The change 4 of Irnat into radiant energy cannot Ik 1 followed 
up in an absolute 4 manner, since 4 we 4 have 4 no means of measuring 
the 4 radiant energy itself, lx*ing forced to convert the same into 
another form of energy; we 4 have 4 to reconvert it in this case 1 
into heat by placing in front of the 4 radiant 1km lie's, bodies 
absorbing the rays and transforming them into measurable 
heat. In othe 4 r words the 4 receiver hits to lie as sensitive a 
thormometcu 4 as possible 4 . The receiver has to contain a certain 
heat of certain temperature, and must therefore also radiate, 
and the heat-quantity, which is |»ereeptible on account of the 
abscjrbcd radiation, is the 4 difference 4 lx 4 tween the latter and the* 
emitted heat. 
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THE CHEMICAL TECHNOLOGY OF HEAT 
AND FUELS. 




VOLUME L 

THE CHEMICAL TECHNOLOGY OF HEAT AND FUELS. 


Thu chemical technology of heat treats of the methods used 
in the industries for the transformation of chemical energy into 
heat. 


This transformation generally takes place by means of a 
chemical process called combustion, which in all commercial 
processes used up to the present time consists of oxidation. 

The oxygen required is taken either from the atmosphere or from 
oxides, the latter being thereby reduced. Lately experiments 
that look very promising have been made to produce pure 
oxygen on a large scale or to increase the oxygen content of the 
air for obtaining an increased effect in the combustion. 

The materials which are used commercially for generating 
heat are called fuels. They are either used as they occur in 
nature (natural fuels) or arc made to undergo certain changes 
before being used (artificial fuels). 

The object of combustion, as above stated, is the trans¬ 
formation of chemical energy into heat. It will therefore be 
necessary to become acquainted with the methods of measur¬ 
ing the generated heat and also with the methods that enable 
us to determine the energy-content of the fuels. 

Primarily, we are concerned with the measurement of the 
intensity factors of heat energy, i.e. the temperature, since the 
capacity-factors (the specific heats) are generally known, and 
hence do not have to be determined in every ease. 

Second in order comes the experimental determination of the 
calorific value. These determinations are of two kinds, depend- ^ 
ing on whether the quantity of heat yielded by the combustion 
of a certain quantity of fuel is to be determined, or whether 
the highest temperature that can be reached theoretically by 
combustion, is to be ascertained. 

Finally it will be necessary to study in detail the process of 
combustion. 


y 
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All these points arc considered in Part 1 of this work. Part 
II contains the science of firing, i.c. all tho processes that favor 
the utilization of th( v combustion heat, or reduce the unavoid¬ 
able heat losses, and also tin* discussion of the different methods 
of industrial firing. 

Part 111 is added as an appendix, treating of the various 
chemical methods of heat abstraction ? refrigeration). 



PART I. 


HEAT MEASUREMENT, COMBUSTION 
AND DUELS. 

CHAPTER I. 

THE MEASUREMENT OF HIGH TEMPERATURES 
(PYROMETRY). 

The measurement of temperature is of the utmost importance 
in the industries, because on the one hand certain processes and 
reactions take place only within certain limits of temperature, 
and on the other hand an increase of temperature above a 
certain value means an increase of heat loss and a waste of fuel. 
Instruments for measuring temperature are generally called 
thermometers; thermometers used for measuring high temper¬ 
atures, however, arc called pyrometers. Widely different prop¬ 
erties of certain substances which vary with temperature 
have been used or proposed for the measurement of tempera¬ 
ture: Change of length and volume of various substances, 
variation in the pressure of gases and vapors, melting points of 
different substances, heat given up by hot substances in cool¬ 
ing, color of omitted light, change of electric resistance and 
thermoelectric behavior, heat-conductivity, etc. 

We are going to describe below the most important instru¬ 
ments of this kind: 

1. Ordinary thermometers, in which the apparent expansion 
of a liquid (generally mercury, at low temperatures, alcohol) in 
a containing glass vessel, is measured. Since the ordinary 
thermometers can be used only up to the vicinity of the boiling 
point of mercury (358° C. at atmospheric pressure), tempera¬ 
tures up to about 500° C. require instruments that contain a 
quantity of hydrogen or nitrogen above the mercury, instead of 
a vacuum. When used they have to be heated up slowly, i.e. 
gradually inserted into the medium or space, the temperature 
of which is to be measured. 
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For exact measurements of temperature tin* following error- 
lmv(‘ t.o be considered: 

1. Reading error. 

2. (Imduation error. 

2. Krror due to pressure (inside 4 or outsideb 

4. Krror due 4 to meniscus. 

f). Krroneous d( 4 t( 4 rmination of the fixed points 

(>. Krror diu 4 to time lag of thermometer. 

7. Krror due 4 to glass-expansion. 

We want to consider, in a few words, the most import ant of 
these sources of error. 

To obtain correct readings the visual my has to be perpen¬ 
dicular to tlu 4 graduation. 

For exact measurements of temperature it is a disagreeable 
fact, that thermometers, after some time, show incorrect read 
ings, the freezing point being apparently moved upwards, 
and returning to the 4 original position only after being heated 
to high temperatures for several months. This phenomenon is 
called depression. This depression is in close relation to the 
composition of the 4 glass: 


TABLK II. 
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TABLE III. 

DEPRESSION FOUND BY WIEBE. 


Depres¬ 

sion. 


1 X we 
0.04 
0.15 


0.15 


0.38 
0.38 
0.40 
0.44 
0.65 
0.07 
0.07 
1.05 






- — _ 
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Other tests made by Abbe and Schott also proved that lead- 
potassium glass, potassium-lime glass or sodium-lime glass show 
the lowest depression, which, however, increases if potassium 
and sodium are present in a glass simultaneously. 

According to these observations a standard-thermometer 
glass of the following composition is manufactured by Schott & 
Genossen in Jena: 


Silicic acid .. 
Boraeic acid . 

Alumina. 

Lime. 

Oxide of zinc 
Soda (caustic) 


(>7 per cent 
2 per cent 
2.5 per cent 
7 per cent 
7 per cent 
14.5 per cent 


This glass, after previously being heated to 100° C. shows a 
transient fall of the zero-mark of only 0.05 to 0.00° C. 

The correction of the thermometer-reading on account of the 
meniscus is made by means of the equation:* 


T - t + 0.000148 n (t - If), 


wherein T means corrected temperature. 

/ means observed temperature. 
t f means average temperature of the meniscus. 
n means length of the meniscus in thermometer- 
degrees. 

* (Sec alno the following table of Thorpe.) 
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0.0001 IS is an empirical coefficient that approaches the 
apparent expansion-coefficient of mercury in glass (0-000151). 

2. Graphite pyrometer and metal pyrometer. Notwithstand¬ 
ing their defects these, instruments are widely used. They are 
based upon the unequal expansion of two different solid sub¬ 
stances, and they measure the difference of expansion of two 
different solid substances. 

Especially the graphite pyrometer is largely used. However, 
it is not at all reliable, as is shown by the following table, in 
which l means the reading from the pyrometer and T the tem¬ 
perature determined by the Weinhold calorimeter: 

TABLE V. 

COMPARISON OF GRAPHIC PYROMETER, WITH TIIE WETNTIOLD CALORI¬ 
METER. 


t 

T 

t 

T 

t 

T 

t 

T 

604 

500 

775 

573 

869 

553 

888 

555 

650 

512 

814 

535 

873 

524 

906 

555 

736 

520 

818 

567 

874 

571 

909 

553 

756 

585 

835 

561 

875 

594 

935 

575 


Furthermore, these pyrometers do not go back entirely to 
air-temperature after cooling, but show a temperature 20° - 
(>()° higher, which defect increases continuously, so that three 
graphite pyrometers (examined by Beckert) that were only 
exposed to hot blasts of less than 500° 0. within two months 
showed over 800°, and went to about 200° above the zero-mark. 

Medal pyrometers show similar faults. With three of these 
pyrometers Weinhold obtained the following recorrections as 
compared with air-pyrometers. (Table VI.) 

A peculiar instrument of this kind is July’s meldometer, 
which is used for determining melting points. 

3. Wedgewood’x pyrometer is based upon the contraction of 
a clay cylinder, which, after being heated to the temperature 
to be measured, is allowed to cool to ordinary temperature; 
them the decrease of volume of the clay resulting from its change 
at high temperature is measured; one degree corresponds to a 
contraction of u 4 \nr of the original dimension. The zero-point of 
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the pyrometer corresponds to a. temperature at which complete 
dehydration of the clay takes place, /.c. about bOO*M\ The 
contraction of the clay cylinder is measured by locating saint' 
between two graduated lines, which form a certain angle. 

(Kif*. 10 

TAHLK VI. 

COMPARISON OF VARIOUS MKTAL PN ROMKTKUS WITH AN AIR 
PYRO.MKTHR. (VVKIMIOLIU 

(a) (iuimtlett's Pyrometer (Iron aim) Brnvo. 

First Series of Tests. { Afar UouiiimeO I ’*■ 


Air Pyrometer. 

(iuuiitlett Pyrometer, 

Air Pyroiiirfrt 

< UtiSlf Irf t P> totneter 

DegTeeH 

I)oKn*es 

Orgnu's 

1 

5 07 

325 l 

407 

310 

13 

10 | 
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10 
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182 ; 
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533 
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;icjh 
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08 1 

12 
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170 ! 
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! :m 

20 
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:m 

l 220 
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0 ! 

| a 
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(b) Rack’s Pyrometer (Iron mat Rr.t**0, 


Air Pyrometer. 1 

l! 

Book's Pyrometer. |! 

Air Pyrometer, 

j HarkS P> rometei 


I 8 W<H*H 

1 )e*!i't*ew 

1 k*Ki*t*« 

I h *Kfres 
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125 

Ml 

338 

404 

245 

478 1 
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250 jj 

585 

830 

526 

208 | 

7111 

40(1 

030 

352 j 




(r) OeelwleS Spiral Pyrometer { PliRimiin Hilvei ), 


Air Pyrometer 

OectwleS Pyrameter. , 

Air Pyromeie*, j OttrtiNlaS Pjottiitcfe 

Detcretw 

Ik*ICret*M 

I Mir* m 

1 

277 

325 ! 

257 

275 

272 

315 

15 

• 7 

273 

310 

310 

330 

311 

388 

382 

:iii 

352 
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m I 

475 

404 
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. 0 ! 

52 
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These pyrometers are seldom used to-day, as they give widely 
varying results even with slight variations in their composition 
and method of manufacture; furthermore their results are not 
proportional to the ones of the air pyrometer, 
which at present is taken as standard ther¬ 
mometer. 

LeOhatelier found, for instance: 

Air pyrometer ° (J. 

900 1000 1100 1200 1300 1400 

Wedgewood’s pyrometer 

20 30 70 130 152 1G0 

In ceramic, factories, however, where not 
an actual temperature-measurement has to 
be made, but only a certain temperature 
has to be maintained, Wedge wood’s pyrom- Kl °* Wedgewood 
eter can be advantageously used. In b ranee 
circular cakes 5 cm. thick, having a diameter of 5 cm., are 
used for this purpose, being pressed out of the clay-mass 
without moistening and then burned. 

4. Gas or air thermometers are based upon Boyle-Gay- 
Lussac’s law, and are considered as standard instruments, 
with which all others are compared. They are used either 
with constant volume or constant pressure. 

For a permanent gas, which at the absolute temperature T 
and the pressure I\ occupies the volume V, we have the law 

PV - nRT 

(wherein n stands for the number of mols of gas in volume V). 
If w'e change the temperature of this gas to T v while keeping its 
volume constant, the pressure is changed to P x , and we have 
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By this method we ran meaMtre a change «*l temperature by 
the corresponding change nf tin* pn*>sure. 

if, however, we change the temperature of the gas from T 
to T ,, keeping the pressure P constant, the volume ol the gas is 
changed to Y v and we have 

P\' t nHT lf 

or 

1 \ \\ 

r r * 

or 

1\ T \\ V 

T V 

We measure here the change of temperature by the change 
of volume. 

As the active medium a permanent gas is used mitrogrn, 
hydrogen, or air), which is enclosed in a vessel of practically 
unchangeable volume. The (VMus«gmdunlion is used, the freez¬ 
ing point serving as zero* mark. 

Temperatures between I) degree and IfKI degrees are gener¬ 
ally measured with a thermometer of constant volume. Above 
100° V. however, the pressure inerrases so rapidly that the 
strength of tI k* pyrometer may he exceeded, Therefore for 
sueh temperatures instruments with eonstant pressure an* 
used. If the pressure* is measured in atmospheres we have* for 
the. first method 

/ (P i > 27;*, 

and for the second method; 


Up to 500° U. the thermometer-vessel ean \h* made of glass, 
but for higher temperatures glass softens. Platinum vessels 
were first tried for temperatures higher than ofMUCk, but not 
successfully, since hydrogen (which is generally used) per¬ 
meates platinum at high tempera!tires. Porcelain vessels, if 
made impermeable for gas by glazing, ean h* used safely up to 
1000° and even higher. 
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For avoiding the error due to the change of the quantity of 
the enclosed gas on account of the permeability of the vessel, 
a method invented by Beequerel can be used. It consists of 
forcing a further quantity of gas into the volume V of the pyro¬ 
meter containing gas of the temperature (to be measured) T 
and of pressure P and measuring the pressure required for this 
purpose. Immediately before adding this quantity of gas we 
have in the apparatus n mols of gas of volume V, pressure P and 
temperature (to be measured) 7\ 

PV nltr. 

We now add the gas-volume v measured at / and for which we 
have 

pi) ^ n'Iii. 

After pressing this gas-quantity in we have in the constant 
volume V of the apparatus, gas of the temperature (to be 
measured) T and of pressure P'\ 

P'V « (a F n 7 ) RT, 

and therefore 

PV pv P'V 

t 1 i = r ' 

In this equation T is the only unknown quantity. We have 
T ( P' - P)V 
t pv 

or 

(/>' - P) V 

rp „ . w f 

!»' 

The applicability of this method is based upon the fact that 
less than a minute is required for measuring and introducing 
the additional quantity of gas so that the error caused by the 
permeability of the vessel during this short period is very 
small and negligible. 

The only defeet of this apparatus is the uncertainty of our 
knowledge (exactly) of the expansion of the pyrometer-vessel 
at high temperatures. An instrument of this kind, very con¬ 
venient for practice, which, however, has to he handled care¬ 
fully on account of the fragility of the, porcelain vessel, was 
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constructed by T. Wibnrgh. Figs. 2 and d show same in tI k* 
older construction. The thcrmomctcr-bulb l\ ha vim: a eon- 
tent of about 12 cm., is prolong'd into a porcelain tube of 
20 nun. outside and ().f> mm. inside diameter. Tins tube, 
which is practically a capillary tube, and can be set upon the 
other parts of the instrument, has to be very strung, and is 
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built with heavy walls. The t uIm* is remeiiteil into the metal 
slioll A, which can Ih* screwed upon the metal cylinder //', 
whereby a eoimection is made l>etweeii the lulx* and the mano¬ 
meter HV'B '. 

The glass tube (manometer) is somewhat larger < 1 * t,o 2 
mm.) at in for a length of 10 mm.: then comes another enlarge- 
ment containing the air volume I v that is to Ik* pressed in the 
thermometer-bulb when determining the temjKTature. At in' 
the tube B opens into the longer munometer-tulx* B v which is 
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about, 2 mm. inside and <X mm. outside diameter. The latter 
is prolonged downward and connects through a bend with the 
iron vessel A", which is filled with mercury. A cover is screwed 
upon this vessel, the cover carrying a nut for the screw S, by 
means of which a second iron cover can be pressed directly 
upon the mercury. 

The screw S is turned by means of the metal disk S', which 
sets loosely upon the pivotal end of the screw so that the disk 
can easily be taken off. This is to prevent the mercury from 
being fore.ed through the manometer-tube B into the ther¬ 
mometer-bulb by careless manipulation, which would injure 
the instrument. As further protection against such an acci¬ 
dent the tube B is provided with another very small enlarge¬ 
ment right above m, that is filled with asbestos to prevent a 
rise of the mercury beyond this point. 

For protection the manometer-tube is enclosed in a little 
rectangular metal box /), closed in front by a glass plate G. 
The longer manometer-tube B' projects upward through the 
box along the metal tube P. The metal tube P contains a 
wooden cylinder 0, which can be turned by knob O'. The 
scale is fastened to this cylinder, and is observed through a 
slot in the metal tube P. By turning the cylinder the correct 
scale, i.e. the scale corresponding to the barometric height, can 
be brought into view. For preventing dust from entering the 
open manometer-tube B', some cotton is put. into the upper 
end, above which a glass cap may be suspended. If the air- 
volume V' is at the same temperature as the thermometer- 
bulb and the mercury is forced up to the mark m, and rises in 
the manometer-tube B' to a certain height, it indicates the 
zero-mark of the instrument corresponding to the barometric 
height. 

The correct scale is then brought into position by turning the 
scale-cylinder until the scale, whose zero-mark coincides with 
the barometric height, comes into view. If, however, the instru¬ 
ment is so placed that V is warmer than V', it is not possible 
to find the correct scale by this method. 

For avoiding the necessity of using a special barometer in 
this case, a third tube Q, terminating with a bulb Q', is 
connected to the manometer-tube R. When the mercury is 
pressed into the manometer it is also pressed into Q and rises to 
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the 4 zero-mark of the 4 insi rut him it s at a certain height /\ marked 
on the 4 glass. I Ieiv I ho same principle \< umd a> in the p\ ro¬ 
under in gemcral, ij\ a certain volume* of air m pressed into 
anofheT; if we 4 lmvt' the 4 sanu* temperature in the tube (J anti 
in fhe. hull) Q', the* zero-point of the* pyrometer ran be detem 
mined by mark r, own if V is warmer than P. 

For protecting the* lo\ve*r part of the* p<uvelain lithe* ,1, uItirli 
contains flu* thewmomcter-bulh, from tjuick changes <»f tom* 
pewafure ami shocks, if is packexl in nshe-Mo.- . The upper part, 
however, is free. 

For cementing the* pyrometer anti manometer tul»es into 
fheir respective metal shells, a cement obtained by mixing 
finely powdered litharge 4 with glycerin to a thick pa>fe is used. 
This cement- gets hare I in a few hours, ami can l*e luxated up to 
about. 2f>() dc 4 grc 4 ( 4 s witliout be 4 ing decomposed* In order to 
pre 4 ve 4 nt the 4 obstruction of the* capillary tube* during the cement - 
ing process, a m< 4 tal wire 4 is passenI through both tubes; them 
the 4 e k nds of flu 4 tube's are 4 partially withdrawn from the metal 
shells and context with cement. About half an hour later the* 
superfluous eemiemt is removed ami the* metal wire taken out. 



In order to render the 4 instrument less fragile* and to simplify 
its manipulation Wiborgh replaced the menmrv manometer by 
a spring-manometer (Figs. -I ami ol. The instrument rests in it 
round metal box with heavy bottom ui), to which the pom 
(*e 4 lain pyroniefemtube f rV) is screwed, the saint* us in the either 
instruments. In the 4 interior of the (mix is n lenticular shapesl 
nu'tal vessel P, whirli can 1 m* presses! together, anil will regain 
its original shape 4 when the pressure is released. 
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Facing plate a is a metal plate b, hold in position by a 
cylindrical bearing; it is provided with a capillary tube. As the 
lenticular shaped vessel contains openings corresponding to the 
two capillary tubes, V and 1 v are brought into communication 
with each other and with the outer air. 

A metal support, fastened to the box, carries a shaft e, 
which serves to compress the vessel V x through a short lever- 
arm A, which is connected to the rod ,x\ By turning the shaft 
the opening in the capillary tube is closed and the plate h 
pressed against the lenticular vessel P, compressing the air 
and forcing if into the bulb V of the pyrometer. 

The capillary tube in the hub d is connected with the 
manometer-spring by means of a fine lead tube m. By means 
of geared wheels the spring transmits to a pointer the motion 
caused by the increased pressure. 

The shaft e is turned by means of a forked lever-arm pro¬ 
vided with a knob A. 

If no measurement of temperature is being made the air- 
volumes V and Pare in communication with the atmosphere, 
and the rod ,s does not close the capillary tube. A spiral 
spring (not shown in the figure) is arranged to hold the lever 
in the position shown in Fig. 4. 

The temperature-scale of the instrument is arranged for air- 
temperafure of 0° (t If the latter is /°, the air-volume to be 
pressed info the pyrometer-bulb is simply increased to 
(1 | tv!) P, whereby the same 4 , value is obtained as if l were 
0° (-. A change of the baromefic height II has the opposite 
effect, so that P has to bo decreased as the barometric pressure 
increases if the scale is to give correct readings. Temperature 
and barometric height, according to the law of Boyle-(lay- 
Lussae, bear a certain fixed ratio to each other, so that, for 
instance, to compensate for an increase of the barometio height 
of 78 mm., the volume P has to decrease as much as though the 
temperature had fallen 30 degrees. Therefore one single scale 
can be used for reducing the volume P. 

To accomplish this result, the bearing d is provided with 
a movable collar //, one end of which presses against a pro¬ 
jection of/, while the opposite end is helical in form, and fits a 
corresponding helix on the pivot plate b. By turning the 
cover of the instrument, which is connected with the ring by 
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the rods n and o , l.ho collar <j is raisc'd or lowcrctl* wltnvby a 
change of volume of the vessel l v is vfhvtnl. 

In addition to the scale of temperature (0 n fo I 1(H) ’ T. », (he dial 
of the instrument is provided with a small aneroid barometer 
Q, a thermometer P, a scale (from 7 ( .M) mm.) lor mnvrt- 

ing the barometric pressure, and a temperature correction 
scale attached to a ring E. Correction for temperature and 
barometric pressure (/>. setting the* instrument to the air- 
temperature and pressure), is made by reading tin* thermom 
eter P and the barometer Q, then turning the ring E so t hat 
the temperature and barometic readings <m both scales coincide. 

If a measurement of temperature is to be made, first of all 
the ring E is turned into the right position, i.v. the instrument 
is set to correspond with the air temperature and barometric 
height. Then the lever V. is drawn forward as far ns possi¬ 
ble, until the pointer Z stops moving mid stands still. Then 
the rod .s 1 is pressed down, the opening of tin* capillary tube 
closed and the hub A pressed down with the metallic disk; 
the vessel V' is compressed so that the air is pressed into the 
pyrometer-bulb l r . The air-pressure 1 so obtained is trans¬ 
mitted through the lead-tulx 1 m to the manometer spring. 
The latter then changes its position and sets the ham) Z> in 
motion. 

After reading the temperature the lever (l is released. 
It jumps back, partly on account of the elasticity of the vessel 
V', partly because of the spiral spring that is fastened to the 
shaft e; and the pointer goes to the zero-mark. This meas¬ 
urement can be performed in a few seconds. 

The lover-arm (> (which is forked and elastic) can easily be 
taken off the shaft and removed, thus preventing the use of tin- 
instrument by unskilled persons. 

In order to render the porcelain tills 1 less fragile, and to lie 
able to expose the tube directly to high temperatures without, 
danger of cracking and breaking, it is covered with aslicstos 
and packed into a sheet-iron tul>e, the latter 1 icing coated with 
fire-clay, quartz and unburned, clay. 

Both constructions of Wiborgh’s air-pyrometer can lx* 1 anight 
from Dr. Geissler’s successor in Bonn. 

Of the other practical air-pyrometers we may mention the 
pyrometer of K. V. Karlandcr (can be Ixmght from Otto Meyer- 
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son in Stockholm^ and of A. Silver and Waller Duerr (can 
he bought from Alphonse Cuslodis in Dusseldorfb 
The air thermometer is not. only used in practice, hut also 
to a great extent as a, standard for calibrating other 
instruments. For this purpose a number of very exact 
tern pent t tire 'determinations were made with the air-thermom¬ 
eter, a numlter of which art* given in Table VII : 

TAB hi') VII. 

u •(•!!( A li'lA OKTKKMtS'Kn HOI).I,VI ASH MKI/l'INO I'OIN'l'S. 


Sltlr l*lt» » 

Hull)UK PtUllf. 

; Stilmhuirt*. 

I 

Moiling Point 

\itj*ltl hitlm 

Mitriii) 

Sulphur 

■ IH’H. tVnf 

! 218 

357 

! 445 

i 

Sulphur (Ko^tmult ) 
Zinc.. ... 

<Vul. 

448 

921 

Mu ? *d 4 ti»‘* 

j WHftfitf Point, 

’ MutmtttW’t’. 

Melting Point 

('suliiitttttt 

Lrittl 

Xinr 

A lit iinom 

Aluminium 

1 tH'U t'ftil, 

[ 1121 7 

1 :m\ t» 

! 419 0 

i oao h 

1 fift? 

i 

t 

| Silvrr (in air) { 

i Silver (purol | 

j. . ! 

j ( ‘oppvr ( in nin 
! ( 'oppor fpum i 

s i 

1>«*K. Pont. 

955 
901.5 
1063.5 
i 1064.9 

1 1084,1 


Tlie si>eeitie heat tif platinum lictween (faml 1200° (’. was also 
found by calorimetry: 

0.0317 I O.OOODOti /. 

I was determined by means of an air-pyrometer. 

Ihtniel Bert helot has lately by an ingenious method elimi¬ 
nated the error caused by the permeability and expansion of 
the easting, by determining optically the density of the heated 
air at atmospheric pressure, and therefrom calculating the 
temperature by means of the gas-equation. By this method he 
found 

The melting point, of silver to Ik* 9(»2° (h, 

The melting point of gold to Ik* 1004° (J., 

which agrees exactly with the values given above. 
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5. Klvmjluimiiur’s that potaxi meter (Kig. (>). This instrument, 
which can be used up to about, N00 degrees, measures the vapor 
tension of different liquids. It consists of a tube containing 



the liquid and a manometer. The 
lined an the aelive medium: 

following nuhstnnees an 

On? t Vjji 

Liquid carbon dioxide. . . . 

1 From Ilf* to 

f 12 5 

Liquid sulphur dioxide_ 

ttl 

i inn 

Ether (free of water). 


« 1211 

I) in tilled water_... 

i mo 

1 TM 

Heavy hydrocarbons. . .. 

1 2111 

i 

Mercury*.. . j 

f 357 

i 7H0 


Mercury is especially suitable, since its molecules consist of 
single atoms, which make the internal work very simple. 

This pyrometer has to be gradually heated to tin* temper 
ature to be measured, in order to prevent injury to the appa¬ 
ratus. 
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PYROMETRY (Continued). 

(>. I*urometer* in trluelt the fusdnlitif of different substances is 
utilized for measuring temperatures. All these pyrometers have 
Hu 4 disadvantage of only allowing the determination of con¬ 
stant or rising temperatures or of tomporuturo-maximums; but 
they are not suitable for the observation of temperature- 
changes tup and down), which are frequently of commercial 
importance, 

(a) IVmeep’s alloys: 

Those are alloys of gold and silver, or of gold and plati¬ 
num, the melting point of which was determined by Erhard 
and Sehertel by moans of an air-pyrometer. These deter¬ 
minations an* shown in Table VIII. 

Hie error of these determinations of the* melting point is 
generally less than 20 degrees, but. in most eases it is very 
much smaller. The above melting [joints were actually 
measured up to 1100°(\ by the air-thermometer; the higher 
values were determined by graphic interpolation by using the* 
melting temperature of platinum as found by Yiolle. 

An important requirement lor temperature-determinations 
by this method is the use of sufficiently pun* metal for 
Prineep's alloys. It is, therefore, of advantage to prepare them 
in a state of sufficient purity or to obtain them from a reliable 
source. Erhard and Sehertel obtained the pun* metals as fol¬ 
lows: Hie silver was precipitated from diluted ammoniaeal solu¬ 
tion by ammonium-sulphide; gold was, after precipitation by 
sulphate of iron, transformed into sodium-gold-chlorido and 
from the solution the pure crystals precipitated by moans of 
oxalic acid. For purifying the* platinum, platinum-salammoniae 
was treated (according to Claus) with sulphuretted hydrogen- 
solution, for reducing iridium to sosquiohlorulo. The sponge 
obtained from the phitmum-salammoniae. (free of iridium) was 
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mixtures can advantageously be prepared by using wins made 
out of the pure metals. A •( mm. wire ran hr made even out of 
pure gold or silver. Then the length ot wire required for 
each case is calculated. This is more convenient and more 
correct than direct weighing, since only from ,\> to /, gram of 
an alloy is required for a determination, and even if a larger 
stock of alloys is to be made, the preparation in small quam 
tities will yield a more uniform product. 


TABLK VIII. 

MKLTINU POINTS OF ALLOYS 


UoId-S!iv«*r-AIUi,VH. 


Silver. 


Per cent. 
100 
80 
60 
40 
20 


( *<>!«! 


Per ivut. 

20 

40 

HO 

HO 

100 


! Mrllllii: P*II{|S 


Oo|, i Vnt 

flfi4 

075 

1020 
11145 

1075 


Uold-PlaUiumi Alley- 


Cold. 


Plulimme 


Peiiit 


Per emit. 

100 

95 

90 

85 

80 

75 

70 

65 

60 

55 

50 

45 

40 

35 

30 

25 

20 

15 

10 

5 


iVr rent 

fin?, Prill 


HITS 

7 

1 100 

10 

1130 

IS 

JUKI 

20 

It 911 

25 

1220 

30 

1255 

35 

1285 

40 

1320 

45 

1350 

50 : 

im 5 

m ; 

1420 

60 ! 

14110 

66 ; 

mm 

70 t 

1535 

75 

1570 

80 

into 

85 1 

1650 

90 | 

mm 

95 

mm 

100 

1775 
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The alloys are made by melting the metals upon chalk by 
mc*ans of a blow-pipe llame, which gives sullicient heat for the 
silver-gold alloys; lor melting the platinum-gold alloys a gas- 
oxygen flame or a flame obtained by blowing oxygen into a 
burning mixture of 2 volumes ether and 1 volume*alcohol has 
to be used. For preventing the volatilisation of gold, the 
platinum-gold alloys are melted as far as possible with the 
ordinary blow-pipe flame, and then for complete melting 
exposed for a few seconds to an oxygon-blast. 

The molten metal beads when quickly cooled show a fine 
crystalline struct tire, and when slowly cook'd a coarse crystal¬ 
line surface of net like struoture. They have a remarkable 
inclination for demixing (separating), which is accompanied by 
tht* production of a yellow color, both after 5 slowly cooling and 
after heating for scant' time at a temperature near the melting 
point. In this cast 1 the hammered surface is crystalline, and 
shows n yellowish instead of gray color. The alloys with from 
If> to 4ll per cent, of platinum show this variability frequently 
to a marked degree; they have then to be* remolted in the oxy- 
hydrogen-flame. The alloys of gold and silver also become 
crystalline under these conditions, but their surface remains 
smooth and shows only more or less brilliant parts. 

After melting the alloys art' beaten flat with a hammer and 
exposed to the temperature to be measured in a cupola made 
of fire-clay mixed with quartz. Direct contact with reducing 
flames has to Ik* avoided, otherwise a thin coating of slag is 
burned which considerably lowers the melting point. Experi¬ 
ments have shown that in such a case* an alloy containing 47 
per cent of platinum, that should melt at 13B4°C., showed a 
melting point of only 1247 degrees. This is probably due to 
tin 1 nlmorption of silicon, and therefore it is necessary, If a 
reducing flame is to In* used, to use a cupola-base free of quartz, 
ij\ either of pure magnesia or pure' clay. 

(Id Scger-oones: 

Have are. mixture's of quartz, kaolin, white marble and 
felspar, and are prepared by moistening the elry mixture with a 
solution of arable gum, forming it into triangular pyramids 
(1 tun. high, the sides of the base being U> cm. long. For lower 
temperatures part of the kaolin Is replaced by ferric oxide. 
The H cones, ” provided with a number at the top, are put into 
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a chamotte-dish, which is brought into tin* mnm nj which lie* 
temperature is to be measured. The pnint at which the 
“cone ’ 7 begins to soften (at which the Making ape\ tenches 

the chamotte-base) is taken as melting pnint. At higher tern. 

perature the entire cone melts together into <»ne m:e\ 

TAliLK t\. 


COMPOSITION AND MKLTINO COIN IS 


M.UUf et » \i , 


Chemical Composition in Kqtm 
alenln. 




1 o: 7 (A(> lo] t ai“<»;! { 4 si<H:t “j r - mi m w 1 “• 11 s » 

2 0 7 Cat) (04 \h! : '| | 4 Sill, S 3 55 ; 35 00 Wi till' Him li !i .1 117 >.l 

3 !:?SKS'!;!! <iii(| i K:t g««« ; 37 «•! 4 w i;t »*« 

4 o'7(ViO 10.8 A! 3 0.„ 4SiO a S3,55j :t.1 (HI .14 00 -m 1227 

5 {• () ■ •*» A IjOj. fiSio, h:i s.v :(.i no st mi 2.1 do ! 2 «t 

0 JP'^ojo.ftALO.,, fiSiUj S3 s.i ! .-15 no tos WI.' :w , 1 . 1 120.1 

7 oij&oJ'nAyi,. 7 Silt, S 3 5 .lj 3.1 rni 132 «oj .11 W» 1333 

U t) . K a ( ) I f. u 1 t , . a u:i . .... rr \ ... .... . .. , 


0.7 (- aO I 


o.HALo., HSio, mi m ;tr» tm.ir»u cw ? 


8 0 ; 7 (gf (> 1 ft. II AljU.,, (I Mill, S3 55; 35 till ISO Otr 

1° I 1 « Al a O,, 10 Nil), S3,5.1 3.1 110:304 Oil' 

n 0 ; 7 fg | | 1.2 A l,( >,. 12 Hit >, S3. .1.1 3.1 002.13 (111 

12 QJliia | 1 •* AJ/ >,. USiO, S3 .1.1' 3,1 mijltoo «». 

13 oijOttOI 1 1 (!A1 A. IBSiO, H.'t 5.lj 35 00..'UK till 

14 (K7(^t() } 1 8 AMt,(. IKSiOj i S3 5fl| 33 0tl':<«l« Oil 

a q 7 (j | 2 1 A 1,0,, 2! Sit I, S3 ,1.li 3.1 (1041th 00 

0,7 I 2.4 AljOj, 24 Sit), S3 3,1 3.1 00 540 (Hi 

17 (KJOnO ! 2 - 7 A M>„. 27 HiO, S3 .15j 31 00H12 Oil' 

18 (K7OuO |' ! ' 1 : *1 HiO, S3 5,lj 3.1 OolTOH Ml' 

19 0! 7 OiI<) f 3 ■ * A 1,( >„ 35 Hit), S3.5.1 3.1 00 MM III) 

20 O^OuO I 3,9 A1 A. 30 Sit>, S3 551 3.1 OtljOtHt 0I([ 


77 7(1 I3M 
(HI «7 1410 


I 12 45 140h 
I3H 3,1 140? 
I'll 3.1 1.13(1 
"It HI 1,1,11 
371 0.7 11S4 
110 Ml 1013 
102 00 1)142 
414 40, M17« 

t 

ir>» 20 , I7oo 



I'YltOM KTHY 


Tlu‘ molting points given were found as follows: 

No. 1 melts at* a* li 11 higher t(Mnp(>rad.uro than the alloy 
with ( .)() pea* rent gold and 10 pea* rent platinum (molting point 
according to Krhnrd a,ml Sehertel 1 h v >()° 0.); its molting point 
was therefore assumed to be 

No. 20 melts at a, lower temperature than platinum; the 
molting point was lherofore estimated to bo 1700° C. 

Assuming, furthermore, that the melting points of the 20 
cones followed each other at equal intervals (which is actually 
not correct) the interval between two molting points following 
each other is calculated thus: 


1700 !150 

10 


2S.0 degrees. 


Composition of the pyroscopos of higher numbers of Seger 
arc 1 given in Table X. 


TABLK X. 


COMPOSITION* OF 1 ‘YHOSCOl‘HH OF HtOHKR NUMBKHH. (Hew.) 


Nr 

K,( 1 

e.ti > 

Am u 


21 

« 

1 

0 7 

4 4 

44 

22 

0 

1 

1) 7 

4 9 

49 

2*1 

0 

1 

0,7 

3 4 

f»4 

24 

0 

1 

0 7 

0 0 

60 

2 h 

0 

1 

0.7 

0 6 

m 

2ft 

0 

1 

0 7 

7 2 

72 

27 

0 

1 

0 7 

20 

200 

28 



1 

to 

2!) 



t 

8 

:m 



f 

ft 

:u 



I 

; 5 

32 



I 

4 

33 



1 

3 

34 



1 

2,5 

33 



l 

2.0 

33 



1 

1.5 

3H 




1.0 


IHOVrenec: 0.5 AU> :! , 5 Si(>,„ 


/ 

* 


1 MTurcneo: 0.6 Al a (> ;t , 0 Wi() a . 


('miner 1ms made melting cones for measuring lower tem¬ 
peratures in the brick industry. They can be bought in two 
sizes ((» anil 10 cm. high) from' the Royal Porcelain Factory in 
Chariot tonburu or from the Chemical Laboratory for Clay 
Industry, Berlin, N. W., Ivreuz str. (i. 





58 


II HAT ENEHOY ASIi Ed EES 


TAHLK XI. 


COMPOSITION OP PYROSCOPUS FOR I,OW TIOMPKRATl'RKH. 


Nr 

k 2 o 

Ch<) 

Pl>() 

Molmilt 

A !,<>;, 

s, 

1 

j 

Ht< 

11 / > t 

01 

0.3 

0.7 


0.3 

1 

0.2 

3,95 

0.05 

02 

0.3 

0.7 


0.3 

0.2 

3,90 

0.10 

03 

0.3 

0.7 


0.3 

0.2 

3.85 

0.15 

04 

0.3 

0.7 


0.3 

0.2 

3.80 

0 20 

05 

0.3 

0.7 


0.3 

0.2 

3.75 

0,25 

06 

0.3 

0.7 


0.3 

0.2 

3.70 

0,30 

07 

0.3 

0.7 


0.3 

0.2 

3 05 

0.35 

08 

0.3 

0.7 


0.3 

0.2 

3 00 

0.40 

09 

0.3 

0 7 


0.3 

0.2 

3 55 

0.45 

010 

0.3 

0.7 


0.3 

0.2 ! 

3 5 

0 5 

on 

1 Na*0 

0.5 


0.5 

1 i 

0.8 

i 

3,6 i 

l 0 

012 

0.5 


0.5 

0.75 


3 5 

1 0 

013 

0.5 


0.5 

0.70 


3 4 j 

1 0 

014 

0.5 


0.5 

0.65 


3 3 ; 

1.0 

015 

0.5 


0.5 

0.60 

i 

3 2 1 

1 0 

010 

0.5 


0.5 

0,55 


3 1 i 

1 0 

017 

0.5 

........ 

0.5 

0.50 

. *j 

3.0 ; 

1.0 

018 

0.5 


0.5 

0.40 

i 

2 8 ’ 

1.0 

019 

0.5 


0.5 

0.30 

. .i 

2.6 | 

I 0 

020 

0.5 


0.5 

0.20 

i 

2 4 

1,0 

021 

0,5 


0.5 

0.10 

i 

2 *2 

1 .0 

022 

0.5 


0.5 

i 

i 

20 | 

1 0 


C. Bischof, who thoroughly investigated these pymseopcH, 
found even the highest melting point far Ixilow that of melting 
platinum. The melting points of Nos. 13, 14, 15 and even 17 
are only slightly above that of melting palladium (1500°C.); 
furthermore these pyroseopes show various irregularities among 
themselves. However, notwithstanding these defects the Central 
Association of German Manufacturers recommended the official 
adoption of the Seger-cones, March 28, 1904. 

The table on following page contains some new data relative 
to the melting temperatures of all these cones (measured with 
Le Chatelier pyrometer). 

Only the following of these melting points are correctly 
determined: Nr. 022 melts at dark red glow, Nr. 010 at the 
melting point of silver, Nr.,1 near the melting point of an alloy 
containing 90 per cent gold and 10 per cent platinum, Nr. 10 at 
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Ihe point whore lelspnr begins to soften, and Nr. df> at about tlie 
melting point of platinum. The other temperatures are. only 
approximate. 


TAHI.K XII, 

mmi.tim: i' in,vrs or evuosooeiw. 



I H i,! <V| 

022 

mm 

021 

020 

020 

050 

01!) 

080 

01K 

710 

01? 

740 

016 

770 

016 

800 

014 

! 830 

013 

800 

012 

HOC) 

Oil 

i 1)20 

(lit) 

1 050 

CW 

j 070 

08 

$11)0 

07 

! ioio 

fit! 

1030 

05 

1050 

04 

1070 

Oil 

1000 


\r 

1 H’K. {‘put , 

02 

mo 

01 

1130 

i 

1150 

2 

1170 

3 

1100 

4 

1210 

5 

1230 

fl 

1250 

7 

1270 ! 

8 

1200 

1) 

1310 

10 

13110 

11 

1350 

12 

1370 

13 

1300 

14 

1410 

15 i 

* 1430 

HI 

1450 

17 

1470 

18 

1400 


Nr. 

I>«*K. (Vut 

10 

1510 

20 

, 1530 

21 

1550 

22 

! 1570 

23 

1590 

24 

• 1610 

25 

1630 

20 

1650 

27 

1670 

28 

1690 

20 

1710 

30 

1730 

31 

1750 

32 

1770 

33 

1700 

34 

1810 

35 

1830 

36 

1850 

38 

1890 


7. ('alorhmlnr pi/rtwiclvrs. With these instruments the 
temperature is derived from the quantity of heat that is 
given off by a heated lx>dy when cooling off in the calorimeter. 
This method was strongly recommended by Pouillet, Itegnault, 
Camel ley, Violle and others, and introduced into industrial 
practice by Welnhold, Fiodier and others. 

In cmler to reduce the radiation heat losses from the calo¬ 
rimeter to a minimum, the instrument is so designed that it 
becomes otdy slightly heated. In an apparatus to Iks used for 
scientific purposes the temperature rise of the calorimeter is 
measured by a mercury thermometer comprising 2 degrees 
and divided into degrees. 

At first an iron cylinder was used as the thermometric sub¬ 
stance, t,<\, the sulwtaneo which gives off the heat to be measured 
in the calorimeter. The use of iron, however, proved to be 
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unsatisfactory on account of its easy oxidation and of its non- 
uniform cooling. If wo take 1 the* heat given off and the tem¬ 
perature as co-ordinates, we obtain a curve with two points of 
inflexion, corresponding to the allotropie change of state of 
the iron. This shows that the temperatures calculated could 
not bo correct. 

This is the reason why platinum substances and a mercury- 
thermometer divided in u U degrees are used in laboratories, 
and in the industries a nickel-cylinder (the heating of this 
metal is very regular) and a mercury-thermometer divided in 
•u) degrees whose scale, therefore, can Ik 1 larger. A rise of 
about 50° (k in the ealorimoter4emperature is sufficiently exact 
for practical purposes. The nickel-cylinder is put into a small 
pipe of fire-proof material, fitted with a removable iron handle. 
After the pipe with the cylinder has been in the furnace whose 
temperature is to lie measured for fifteen minutes, one can l>e 
sure that equilibrium of temperature has Iren established. 
The. pipe is now taken out of the furnace, emptied into the 
calorimeter, the calorimeter-water stirred and the* increase of 
temperature read and recorded. 

The following tests made by the Cornpagnie Parisieime du 
Gaze show the regularity of the heating law for nickel: 

l Of - 50.5 (B.fl 89.5 l(Kt 117.5 VM 150 KM) 
t « 400° 500° 700° 800° 900° 1000° 1100° 1200° 

We give below a few melting temfrratiires determined by 

Violle and also by Holborn and Day. 

TABLE XIII. 


Silver. . . . 

(told..... 
Copper... 

Palladium 

Platinum. 


MEI/nNu POINTS OF METALS. 


MO ul, 


\ ; 

Hottuim uml 

Pay, 

IfcKlw'i ! 

1 

054 

mi s 

1045 

1064 

1055 

1065 

1500 

1500 

1770 

1780 
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Below we describe a few pyro-calorimeters that were con¬ 
structed for practical use. 

The. latest type of Weinhold’s pyrometer for determining 
high temperatures is illustrated in Fig. 7. The calorimeter- 
vessel proper CC is made of thin sheet brass. It holds about 
1 Kg of water, is cylindrical at the bottom and conical at 



Km, 7. — VVVmhoUpH Pyrometer. 


the top. The ratio of the height to the diameter is so chosen 
as to make the surface as small as possible, in order to reduce to 
a minimum the loss or gain of heat by radiation or conduc¬ 
tion. A cylindrical vessel of tin-plate BB with a loose conical 
cover Dl) surrounds the calorimeter-vessel, which is carried 
by three cork-pieces, cemented into BB, and so arranged as to 
maintain a space of 1 cm. between the walls of the containing 
vessel and the calorimeter. BB is fastened in a wooden box 
HH. As wood and still air are very poor conductors of heat, 
and as bright sheet metal prevents radiation of heat, by this 
method an excellent heat-insulation is effected. The center 
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one of the three cylindrical openings m the ealorimctor- 
vokhoI serves for introducing the metal ball, which is bored 
through in three directions perpendicular to each other. The 
thermometer T is inserted through a cork in tin 1 shortest, neck. 
The shaft of the circulating device It is inserted through the 
narrow nock. This device (Fig. Si consists of an impeller with 
six inclined paddles which move in a slim brass tuls*. open at 
the top and the liottom. Its shaft is rectangular at the top. 



Vm. K» ■■■■• Clmiltifififf IhwH'v (for 7I» I n* It Brinsn Win* 

so that the pulley »S’ can Ik* attached. By means of a coni 
passing over three guide-pulleys and a crank wheel, attached 
to the outside of the wooden Ikik, It can Ik* rapidly rotated. 
The lively circulation of water caused thereby facilitates the 
equalization of the teuqierature in the calorimeter. The: 
thermometer T is provided with a scale* divided in 0.1 degrees, 
on which, however, 0.01 degrees enn la* estimated. The thirv 
cylindrical mercury-reservoir of the thermometer {/SO to 00 ; 
mm.’a long) extends nearly the entire height of the calorimeter J 
The hot metal ball is kept in the brass-wire basket (Fig. 9).I 

n- ^ . i : , ..it ... .1 i , t ...tit 
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the cover open — is let clown into the neck of the calorimeter, 
the cover — and also the basket — remain hanging upon the 
edge of the neck. If now the ball is allowed to fall through 
the neck, it hits the pin and thereby closes the cover. This 
causes the basket with the ball to fall upon the bottom of the 
calorimeter, so that finally the cover almost touches the surface 
of the water, which, before putting in the basket and the ball, 
should reach to the lower edge of the neck. To assure the right 
amount of water in the calorimeter, a pipette is used, which is 
fastened to a disk of metal, wood, or cork, so that its lower end 
is exactly flush with the entry of the neck to the calorimeter. 
At first water is put in until it stands a few millimeters high in 
the neck, then the disk of the pipette is laid upon the edge of 
the neck and the excess water sucked out. 

By throwing the hot ball into the calorimeter not only the 
water contained in the latter but also the calorimeter-vessel is 
heated up. To determine the quantity of heat absorbed by the 
instrument, the quantity of heat absorbed by the vessel has also 
to be considered. .This is done by ascertaining the quantity 
of water that would be necessary to absorb the same quantity of 
heat as the calorimeter, i.e., by determining the water-value of 
the calorimeter. For this purpose the brass calorimeter-vessel, 
together with the stirring arrangement and the basket K (but 
without the pulley S and thermometer T with cork) is weighed in 
a dry state. The weight found, multiplied by the specific heat 
of brass (0.095), gives the water-value of the empty calorimeter. 
The water-value of the thermometer is difficult to find, but can 
be neglected on account of the small quantity involved. After 
inserting the thermometer with the cork the apparatus is weighed 
a second time, and finally after putting in the cooling water it is 
weighed for the third time. The difference of the second and 
third weight gives the water content of the calorimeter. The 
water-value of the filled calorimeter is the sum of this water 
content and the water-value of the empty calorimeter. If, for 
instance, the empty calorimeter without thermometer weighs 
210 g., with thermometer 236 g., with water 1240 g., we have: 


Water value of the empty calorimeter - 210 X 0.095 - 19.95 g. 

Water content of the calorimeter - 1240 — 236 - 1004.00 g. 

Water value of the filled calorimeter «■ 1004 + 19.95 «• 1023.95 g. 
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The wafer-value of the empty ealorimeter is more conveniently 
determined by putting into the instrument a weighed quantity 
of wiiter, flam throwing in a tost ball of a certain temperature 
(for instance 100° 0.) and measuring the increase of temperature. 
If we divide the. heat given otT by the bull by the increase of tem¬ 
perature and deduct, therefrom the weight ot the calorimeter, we 
obtain the water-value of the dry instrument. 

The balls used weigh from (it) to SO g. For introducing them 
into the space, the temperature ot which is to 1 h* measured, a 
pair of tongs made of heavy iron wire or bar iron, provided with 
cup-shapcd jaws, is used (Fig. 10),oraspoon with cover,and fitted 



Fia. 10. — Tonguo. fni- U, — Hjxkhi. 


with a long handle (Fig. 11). The weight of the ball lias to lie 
determined before use. If the balls are of the size mentioned it 
is sufficiently accurate to weigh to the nearest decigrams. 

Will'll using, the calorimeter is filled with Iresh water, the wire 
basket put, in, and --immediately liefore inserting the ball 
the circulation device is started, and kept in motion until the 
thermometer shows a constant temperature, which is read and 
recorded (initial temperature of the calorimeter). When intro- 
during the ball, can' has to lx* taken not to injure the thermometer 
and the driving cord of the circulation device. Directly after 
throwing in the ball, the circulation device is worked until tlu* 
thermometer liecomes stationary when the tem|»erature (final 
temperature) is read and rerun led. 

The difference between initial and final temperature mult iplied 
by the water-value, of the filled calorimeter express'd in kilo¬ 
grams •—gives the heat-quantity (in rubrics) transmitted from 
the ball to the calorimeter. Therefrom the quantity of heat 
given off by a 1 Kg. ball is ealrulated, and by comparing this 
figure with a table in which the heat (e. t.) is calculated from 
the specific heat of the metal, the tenijierature is found. 

Considerably simpler in construction is the calorimeter of Dr. 
Ferdinand Fischer (Fig. 12). The cylinder A, which is made of 
thin copper plate and has a diameter of 600 mm., is suspended 



nr hum urn v 
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in the wont inti base />. The spurt* between both is filled with 
fibrous ns best os or mineral wool. The apparatus is rlosed by a 
thin brass or copper plate, having a large opening d (20 mm. 
dinm.) for the stirrer c anti for throwing in the metal cylinder, 
anti a small opening lor tin* thermometer 5, which is a normal 


thermometer mint oy v aussier 
in Bonn. It has a very small 
mercury reservoir; its scale has 
a range of from 0” to 50“(\,and 
is dhided into 0.1 degrees, so 
that 0.0 1 degrees can easily he 
estimated ; a strap a of thin cop¬ 
per plate protends it from bang 
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Ffti. Ill Hit'im'iia VV'liter Cynmieter. 


broken by the ntirrc>r. The stirrer conniHtH of a ronnd copper dink, 
soldered loti copper orb The latter in melted into a glass rod, 
that starves as handle, lf» for instance, the copper vessel weigh 
.15,1105 g M the stirrer without glass rod weigh 0.44.) g v then the 
wnter-vnlueof (lit 1 ciilortnader is (UK)4 (1m905 4’ 0.445) *» 5.98 g., 
including tin 1 thermometer nbrnt 4 g. If the calorimeter water 
weigh 2411 g„ the water-mine of the filled calorimeter is 250 g* 
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For measuring the temperature doubly bored cylinders of plati¬ 
num, wrought iron or nickel are used. For tlu* first ease, />., with 
platinum cylinders weighing 20 g., such a quantity of water is 
put in that the total water-value amounts to alxuit 12d g., with 
the two other metals to twice that amount. In a manner similar 
to that given above the cylinders are exposed in the medium 
the temperature of which is to l>e measured and thrown into the 
calorimeter through the cover opening d. The cylinder falls 
upon the disk of the stirrer, and now by raising and lowering the 
latter a uniform heating of the calorimeter-water is effected, so 
that at the end of about one minute the thermometer reaches 
the final temperature. 

No corrections are made for evaporation of water or heat 
transmission by radiation or conductivity, as the ovaimration is 
extremely small and the insulation of the calorimeter [>erfeet. 
If the calorimeter-water reaches a temj>orature of atxnit 10 de¬ 
grees it has to be changed. The calculation of the temj>emture 
is made as in the former case. 


TABLE XIV. 

HEAT CAI’AOITIEH Of 1'I.ATIN’nit, CTO 


0. 

Platinum 

According 

to Vlolle. 

100 

cal. 

3.23 

200 

0.58 

300 

9.75 

400 

13.64 

500 

17.35 

600 

21.18 

700 

25.13 

BOO 

29.20 

900 

33.39 

tooo 

37.7 

aoo 

42.13 

1200 

48.85 

1300 

61.35 

1400 

58.14 

1500 

61.05 

1600 

88.08 

1700 

71.28 

1800 

76.50 


1 


1 POKt. 

1 

Pitm» 

chon. 

cal. 

cat. 

10.8 

11.0 

22.0 

22.5 , 

35.0 

30.5 

39.5 

41.5 ! 

07.5 

08.0 | 

80.0 

87.6 | 

108.0 

111.5 ! 

132.0 

137.0 

157.0 

157.5 

187.5 

179.0 
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()n<> of the simplest and oldest but also most widely used instru¬ 
ments is the water-pyrometer of 0. H. Womens (Fig. 13). It con¬ 
sists of a copper vessel A holding f>(>S ou. cm. of water. In order 
to reduce the loss by radiation it is surrounded by two vessels, \ 
one In'ing filled with felt, the other being empty. The mercury 
thermometer is protected by a perforated metal-shell and has 
lx‘si<les tite ordinary scale a movable brass scale c (similar to a 
vernier), that gives the temperature directly without calculation. 
After tilling the calorimeter with water the zero mark of the 
pyrometer-scale is set upon tin* temperature of water, as shown 
by the mercury thermometer. A hollow copper cylinder of a 
certain heat-capacity is now exposed in the medium, the tem- 
|H>rature of which is to In' measured, and after remaining there 
10 to lf> minutes is thrown into the calorimeter-water. 

The temjHTHture required is obtained by adding to the, tem- 
jM'rature rend off the pyrometer-scale c, the temperature of the 
calorimeter-water. The manipulation of this instrument is there¬ 
fore extremely simple, naturally at the expense of accuracy. 

For calculating the temperatures the following data of the 
heat capacities of platinum, iron and nickel from 0 degrees to 
/ degrees can Iks used. 



CHAPTER III. 


PYROMETRY (Conclusion). 

Optical Mmtiioiw op Mkasuuno TmirKRATruKs. 

Tiik instruments uses 1 for this purpose are based upon the 
relation between temperature and (‘mission of light from heated 
substances. 

(a) If a substance is gradually heated up, it starts at a certain 
temperature to emanate light-rays, the brightness of the latter 
increasing with the temperature. The color of the 1 emanated 
light changes in a definite manner with the temperature. In 
many industries, after some practice, the approximate tempera¬ 
ture of a furnace can l>e estimates! with the naked eye without 
any instruments, from tlu- brightness of the glowing walls and 
the heated substance's. 

The olek'st data relative to the te'mpf'rature of these so-called 
glow-colors were give'll by Pouillet. 

The temperature's of the glow-colors have I teen determine'd by 
means of a Le Ohate'lier-Pyromoter, by Maunscl White and K. W. 
Taylor, and by Howe*. The table* on following page contains the 
results of these inve'stigations. 

The extreme rays of the* spectrum show plainly the changes 
of brightness and color; but the yellow rays in the center, on 
account of their brightness, cover up all the others. The* cxjieri- 
ment was therefore tried of alisorbing the 1 latter by means of blue* 
cobalt-glass. A glowing sulwtance, viewed with such a glass, 
appears at relatively low temperature very ml, and at high 
temperature strongly blue; themce with this method more 
reliable results are obtained than with the' naked eye', 

(ft) The optical pyrometer of Me'sure' and Nouel (Figs. 14, Id) 
can be obtained from E. Ducretet in Paris. 

The direct oliservatiem of the glow-colors is rather difficult 
since it depends on individual qualification and momentary dis¬ 
position. The eye can never determine the color shades with 

08 
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absolute' exactness, being only able to estimate. by comparison. 
In a dark fnmare-room the dark rod of a melting metal can 
easily be taken as bright red, and vice versa in a light room, so 



Finn, 14 and lf>. — Lunciltt PyrmnCtrique (PyroHcopo). 


that the result of such observation varies according to observer, 
light and time of observation, 

TABLE XV. 

TKMPERATITKEH CORRKHPONDING TO (SLOW COLORS. 


PouillH. 


Ilowt'. 


White and Taylor. 


Heat Color. 


Den. 

Cent. 


Beginning glow, 
Dark ml glow, . 

Beginning 
cherry rad. 
('harry rad.. 

Bright ©horry 

rad. 

Dark yedlow. ... 
Bright yallow... 


525 

700 

800 

900 

1000 

1100 

1200 


White glow. .. 
Bright white., 

Darling white 


1S00 

1400 

1500 

to 

1000 


Heat Color. 


Deg. 

(’out. 


Heat Color. 


Cent. 


Firnt trace ( in dark 
of vinible < 

red ( in daylight 


| Dark red 

Full cherry red 
Bright red. 


470 


475 

550 

to 

025 

700 

850 


Dark red. 

Dark cherry. . 


560 

035 


Cherry red.... 
Bright cherry. 


746 

843 


Full yellow. .. 

Bright yellow, 

White glow. .. 


( 950 
\ to 
( 1000 
.. 1050 
. . 1150 


Orange. 

Bright orange 


899 
941 • 


Yellow. 

Bright yellow. 
White glow. .. 


99(1 

1079 

1205 


The object of the pyrometrie tube of Mesur6 and Nouel is 
the correction of this defect; it allows the determination of the 
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temperature of a substance by simple observation ami enables 
us to determine more distinctly the shade of the color. 

The apparatus is bast'd upon the phenomenon of circular 
polarization and consists mainly of two Nieol-prisms, the polarizer 
P and the analyzer A. Between these two prisms is arranged a 
quartz-disk Q, 11 mm. thick, split, perpendicularly to the main- 
axis. At the zero position of the instrument the plant's of inci¬ 
dence of the two Nieol-prisms are perpendicular to each other. 
The correctness of the position of the prisms can easily 1k> 
verified by taking off .1/, and removing the quartz-disk. Oppo¬ 
site to the eye-piece L at the other end of tin* ttdx* is the 
objective G, consisting of a plane-glass or a well-polished diverg¬ 
ing glass. 

The following phenomenon can l>e observed by looking with 
this apparatus towards a source of light. After passing through 
the Nicol-prism P the light is polarized. Without a quartz- 
plate, i.e. with the second (perpendicular to the first) Nicol- 
prism following the first, this polarized light would lie reflected 
by the cut surface of the Nicol-prism, and the field of view would 
appear dark. The quartz-plate, however, causes a turning of 
the plane of polarization that is proportional (according to Biot's 
law) to the thickness of the quartz-plate and approximately 
inversely proportional to the wave length of the ray (light). 
Thereby certain colors of the s|>ectruni are extinguished by 
interference, and a mixed color is ol>servt*d in the apparatus, de¬ 
pending on the temperature of the luminous laxly. By turning 
the analyzer the mixed color is changed, and whenever the instru¬ 
ment is set upon the same color-shade the temperature of the 
substance under observation can lx* inferred from the |x>sition of 
the polarizer. For this purjxisc the analyzer inside the tube is 
made so that it can l>e rotated. For measuring the displacement 
angle the instrument has a fixed mark / anti is provided with a 
scale that can l)e rotated with the eye-piece am l tint analyzer. 
Since the length of the wave of the omitted light varies with the 
temperature, by slowly turning the analyzer certain colons that 
are changing with the temperature of the luminous Ixxly can be 
observed. The change from one color to another corretqxmda to 
a certain displacement-angle, varying with the temjx'mture of 
the glowing substance. 

Hereby we arrive at a position where the color, by the slightest 
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further rotation, changes quickly from blue to red. Between 
these two colors is observed a purple-violet shade formed by the 
most, extreme rays of the spectrum; this shade is character¬ 
istic for measuring the angle of displacement. (Another shade 
[lemon-yellow ], between green and red, can also be used for this 
purpose.) The position of hand / on the graduated arc C gives 
the angle from which the temperature is figured. 

For determining the scale of temperature Pouillet’s data on 
glow temperatures and the melting point of silver (954° (!) and 
platinum (1775° 0.) according to Violle are used. 


TABLE XVI. 

(5LOW TEMPERATURE OF SILVER. 


Unit. 


Color: 

Beginning cherry red,. 

Cherry red.. 

Bright cherry red ... . 

> Orange...... .. 

Yellow. .. 

Bright yellow.. . 

Bright white.......... 

Darling white.... 

Dazzling white.. 

Dazzling white... 

Sunlight ..... ■ ■ 


Displace¬ 

ment. 

Tempera¬ 
ture, Cent. 

Degrees. 

Degrees. 

33 

800 

40 

900 

46 

1000 

62 

1100 

57 

1200 

62 

1300 

66 

1400 

69 

1600 

71-72 

1600 

73-74 

1700 

84 

8000 


Below are given the results of some measurements with tliis 
instrument: 


TABLE XVII. 

DATA ON POIARISOOPIC PYROMETERS. 


<A) Measurements by the Author. 

Angle. 

Tempers 
ture, Cent. 


Degrees. 

59 

61.75 

59.5 

58.5 

63.5 

50.5 

Degrees, 

1260 

1290 

1275 

1245 

1340 

1050 

ttetflemer HlutH in uio jj.mii.*.* ' 

v/pexHneartn lurnaoo, ^ • * • * • • ■ ■ • • ■ ■ 

t< “ “ after charging the above Btool. 

“ a t( middle of charge .... .. 

ii it tt And or charge. 


mating lurnae©... 
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(H) Measurements uf J. Weiler in t ht* Bc.-m-iikt wiivciIit: 


While blowing .... 


Orjr, (Vnf 

mo 

At the end .. 


I.'>S0 

Slag . 


I “(So 

Steel in pan .. 


1010 

Preheated block., .. .... . 


1200 

Block under hammer. ..... 


toso 

Blast furnace for gray iron: 

Beginning of melting zone .. . 


1100 

Steel crucible furnace . 


1000 

Brick kiln . 


11(H) 

Heat colors: red heat . 


o2o 

Cherry . 


soo 

Orange . 


IKK) 

White . 


i:«M» 

Dasszling white . 

• ■ • • • 

t.VK) 

(C) Measurements of be ('hatcher: 


; Atpilt*. 

» !>*•«. < vut 


1 I 

1 

Him ....... 

; H4 Kli 

: 8000 

(tHH-fhimc . 

' 05 70 

l (|H() 

lied glowing platinum ... 

m 45 

i HOC! 


To keep out side-light it is of advantage to fasten a |»rotc*rtiit#j; 
tube in front of the obj('ctive. For the determination of low 
temperatures a convergent lens in placetl la-fore the instrument. 

(c) Temperature can also la* judged from the proportion of 
the intensities of two certain kinds of rays (for instance ml and 
green) that are emitted from the heated nulwtance. 

Table XVIII gives the difference of tin* emission of ml, 
green and blue rays of different suitstanees compared to a black 
Hulwtaneo. 

Crova has constructed a pyrometer based upon these data; 
however, it requires very great care in manipulation. 

(d) Analogously the intensity of a single ray of a certain wave 
length can l>e used for measuring tenqierature. One would think, 
at the first thought, that tire intensity depends on the emitting 
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capacity of the glowing substance, this capacity varying widely 
as is shown by the above figures. Actually, however, with most 
substances the variation in the emission is equalized by the 
capacity of reflection, which varies in the opposite sense. Fur¬ 
thermore the capacity of emission of most of the substances used 
in the industries is not considerable. 


TABLE XVIII. 

EMISSIVE l’OWICR OF VARIOUS SUBSTANCES. 



Dck. 

Cent. 

lied. 

Green. 

Blue. 

Magnesia... 

1300 

1550 

0.10 

0 30 

0.15 

0.35 

0.20 

0.40 

Magnesia. 

Lime. 

1200 

0.05 

0.10 

0.10 

Lime.. 

1700 

0.60 

0.40 

0.60 

Oxide of chromium.. 

1200 

1.00 

1.00 

1.00 

Oxide of chromium. 

1700 

1.00 

1.40 

0.30 

Oxide of thorium. 

1200 

0.50 

0.50 

0.70 

Oxide of thorium... 

1760 

0.60 

0.50 

0.35 

Oxide of cerium ..'. 

1200 

0.8 

1.00 

1.0 

Oxide of cerium.... 

1700 

0.9 

0.90 

0.85 

Welsbach mixture. 

1200 

0.25 

0.40 

1.0 

Welsbach mixture..... 

1700 

0.50 

0.80 

1.0 



The Comu-Le Chatelier optical pyrometer is based upon this 
principle (Fig. 16 ). The instrument takes the form of a tube, 
through which the glowing substance is viewed. A reflector 



consisting of a glass-plate with parallel faces throws the image 
of a small flame into the eye-piece. A red glass in front of the 
eye-piece cuts off all but certain rays. Absorbing glasses can 
be put in front of the objective glass, so that only ¥ V of the 
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incident light is allowed (o go through. Between these glasses 
and the objective a transparent piece of onyx (Fig. 17) is inserted 



by means of which the light can be reduced 
at will. The observation is made by 
reducing the red light of the glowing sub¬ 
stance, whose temperature is to !>e deter- 


Km. 17 . — Pim* of Onyx mined, by means of the darkening glasses 
for RcmIik'uvk th<* Light. an( j < mvx , until it is equal in brightness 


to the standard lamp. The apparatus is calibrated by direct, 
comparison with an air-pyrometer. By this method the follow¬ 
ing intensities of light (red rays A (>f>9) were measured: 


TABLE XIX. 

IXTKNHITIMH OK LKIHT. 

Red-glowing coal (000°) .... 0,0001 Melting palladium (15501 4 K 

Melting silver (950°). 0.015 Melting platinum 15 

Stearine candle, gas burner l Incazulwuwnt lamp .. 40 

Pigeon lamp... 1.1 Are light. . , 10000 

Argand burner with glann. . 1.9 Sunlight (noon) 00000 

Welabach burner........... 2.05 Melting Pe/b {LISCL) 2 25 

By this method at first a thermo-element w,is calibrate* l, by 
means of which the intensity of emission of !>lack ferric oxide 
at different temperatures waa determined. It. wna found tliat. 
the law for the change of intensity of the red rays with the 
temperature can be expressed by the formula: 

aaio 

/- It )"- 7 T ' 

wherein T is the absolute temjxirature. The following intensities 
(in candlepower) were obtained for different temjHTatures: 


TABLB XX. 

1.1(1 JIT INTKNWTIKH FOR VARIOUS TliMI’KH ATt'KMH. 


r„.™i.„ Tumiittrattin. in Oejj. , . 

mterwlty, , Intannity. 

0.00008 600 88 0 

0.00073 700 60 0 

0.0046 800 i )3 o 

0.020 900 1800 

0.078 1000 9700 

0.24 1100 28000 

0.64 1200 66000 

1.83 1800 100000 

3.35 1400 150000 

6.7 1500 224000 

12.9 1600 305000 

22.4 1700 


THfipTiiffin* in Urn. 
< W*l, 


IH00 

1900 

2000 

3000 

4000 

5000 

#000 

7000 

1000 

mm 

10000 
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As cun In' seen In mi this table I he intensities increase rapidly, 
lienee, il in the determination of high tempcnitures an error of 
0.1 randlepower is made' in flu 1 measurement,, the error in the 
temperature does not, amount to more than from 2 to 3°0., 
which error can he entirely neglected. 

The Hume in the iunm.ee must' he avoided during the obser¬ 
vation as otherwise incorrect, results are obtained. This method 
is very good for measuring high temperatures, it, is loss exact, 
however, for low temperatures. 

Le ('hntelier made the following measurements with this 
inst rument: 


TAltLIO XXI. 


TKMI'KHATt'IlK DKTKHMINATIONS (I* Oliatollfir). 


Chmn -htmrth nted f unmet* 
C#liww furtiuetu 
Porcelain furnace 
Porcelain furnace, turn, 
IncitmicMccnt lump 
Arc light . 

Sunlight 


I)t«. (lent. 
1490 to 1580 
1375 to 1400 
1370 
1250 
1800 
4100 
7600 


ttl;» <t Kurmict*. 


At the tuvcrcM 
Pig trim, beginning 
Pig iron, end 


Do#, Cent. 
1930 
1400 
1520 


Hevenu-r 


Hhtg, . 

Steel flowing into pun . . 
Reheating of ingot. 

Knd of forging ......... 

Open-hearth wiiitsl: 

Hiiittl flowing, beginning 
Steel flowing, end ..... 

(-totting into form..- 


1><*K. (kmt. 

1580 

1640 

1200 

1080 

1580 

1420 

1490 


Fory has made some changes in this instrument. 

WaimerV optical pyrometer is based upon the same principle. 
If we denote the intensity (of light) as /, the length of wave as 
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A, the absolute temperature as T and two constants as c, and 
we have, according to Wien: 

r . •'* 

i - ; o *»■ • 

As we have no absolute measure for the intensity, we can only 
compare same with another luminous body; for the latter we 
have 


and therefore 


an equation containing only one constant. This equation is 
perfectly correct only for absolutely black Ixidies, but can also 
be used for measuring temperatures in a furnace on account 
of the reflection going in all directions in the interior of the 
furnace. 

When determining flame temperatures great care has to lx> 
taken. If the flame temperature is the same as that of the 
surrounding furnace-walls, this method can lx* used as it is; if, 
however, only glowing gases an* present, colored for instance by 
sodium, correct furnace temperatures art* not obtained except 
when the flame allows the rays used in the measurement to pass 
unabsorbed. Converter-gases are rather opaque to red (the 
color used in the Wanner pyrometer), especially so when many 
solid particles are burning in tlu* flame. Hence too low a 
temperature will be obtained. 

In the optical pyrometer the light is decomposed by a straight 
prism, and by means of a small slit nothing but the light corre¬ 
sponding to Frauenhofer’s line c is allowed to go through. As, 
according to above equation, the measurement of temperature 
is based upon the comparison of two luminous substances, a 
small electric lamp is used as the standard luminous Ixxly. The 
lamp is attached to the front of the apparatus, and the light 
enters the instrument by means of a comparing-prism, while the 
light radiating from the glowing substance, whose temperature 
is to be measured, enters directly. The two intensities are 
compared by means of two Nicol-prisms, one of which (the 
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analyzer) ran bn turned with the eye-piece. The angle, that can 
be read from a circular scale, serves as the measure of intensity, 
while the corresponding temperature is read from a table. If a 
luminous body is viewed through the. apparatus, the held of 
view appears divided into two halves of unequal brightness. 
The eye-piece is turned until both parts show the same bright¬ 
ness, the angle road and recorded and the temperature found 
from the table. 

The entire apparatus, whose optical parts are manufactured 
by Franz Schmidt and Ilaeniseh in Berlin, is about 30 cm. long, 
is shaped like a telescope and is easy to handle. Three storage 
batteries furnish the electricity for the little (i-volt lamp. Since 
the light-intensity of this lamp depends on the o.m.f. of the 
storage batteries, it is necessary to adjust the lamp from time 
to time by means of amyl-acetate lamps. 

On account of the increasing weakness of light at low tem¬ 
peratures, IKK) 0 0. is taken as the lowest working point. The 
upper limit can be selected at pleasure. 

TABLE XXII. 

TEM PERATtUtK- MEAStTIlRMKNTS WITH THU WANNER PYROMETER. 

(a) In blast-furnaces. 

Slug 

Fig iron. 

Fig iron from mixer. 

Fig iron flowing into converter 

Steel when turning converter,, 

Slug when turning converter 
Slag, flowing out, , 

Fig iron, «tar ting of flow 
Fig iron in a prismatic form 
Fig Iron getting nolid 
Sing from mixer 
Slag from converter 
Fig Iron from hlnwt furnnee, , 

Stuff I from converter 
Iron from mipolu 


(/>) Thomas-process. (Temperature of converter-gases during 
charge) 1310°, 13Hl‘\ 1172°, 1310°, 1331°, 1472° and 1494° C. 
The temperature of the converter is much higher. The tern- 
peratura of the slag, three minutes after stopping the blower, 
was found to l>e 1700° 0. 


U*K. Cent. 

1402 1370 

1317 1284 

1260 
1240 
1460 
1555 

1424 1372 

1384 1372 1330 

1230 
1012 

1384 1330 

1230 
1225 
1211 
1230 





78 


11EAT •ESEIidY AM) El/ELS 


(c) Various measurements. 

Zirconium in oxygen gas blast 2090° C. 

Electric arc light with retort coal .‘if>(H>~8(>l()° 0. 

Of other optical pyrometers we mention the apparatus of 
Holbom-Kurlbaum and of Morse, in which the; intensity of the 
electric standard lamp is varied. 

The thermo-electric telescope of KYiry (Fig. IS) is based upon 
the measurement of the total radiated energy of a glowing 
substance. 



Fro. 18. — FAry’n Thermo-electric TeloHrojie. 


The total radiation of energy of a substance according to the 
Stefan-Boltzmann law is: 

E - K (T* - 7Y). 

In this equation E is the energy radiated from a black body at 
absolute temperature T° to a body of the temperature T° and 
K is a constant. The correctness of this law within the widest 
temperature limits was proved by bummer, Kurlbaum, Pring- 
sheim, Paschen and others. The following table' gives the 
observations of Pringsheim and bummer: 


i 


Black Body. 


Boiler (kettle). ■ ■ 
Saltpetre kettle... 

bo. 

Do. 

Fire brick furnace 

Do. 

Do. 

Do. 

Do. 

Do. 


TABLE XXIII. 


RADIATION OF KNKROY. 


2 

3 

4 

Absolute 



Tempera- 

Reduced 

K HF' 

turn Ob- 

Reflection. 

nerved. 





—~ -.. 

373.1 

188 

127 

402.5 

038 

124 

723.0 

3320 

124.8 

745 

3810 

120.0 

810 

5150 

1 121.0 

808 

0910 

i 123.3 

1378 

44700 

! 124.2 

1470 

57400 

! 123.1 

1407 

0000O 

120.0 

1535 

07800 

■ 122.8 


Av*nnr<* ’ 

123.8 



il 

Absolute 

Temtwra- i 
tun* Oitf. 

ciliated, 

7* 011 
served T 

Oiilciilateit. 


s 1 

374 8 

1 5 

4(13 0 

+ 0.5 

724 3 

-I 3 

740,1 

--4,1 

800,5 

"i 3.5 

807,1 

+ 0 0 

1870 


1408 

F 2 

1418 

i 9 

1531 

+ 4 














i‘)'i{<>.\iHTh , r 


7 !) 


Tlir temperatures given in column 2 are referred to the tom- 
peraturc.-rale of 11 oil Him and Day, in which tlio themio-cleetro- 
motivo force of the be (’hntelicr-clement (I’t, 1 Platinum - 
Rhodium I is calilirnled with a nitrogen-thermometer. Under 
column we have tin' radiant energy of the black body at the 
observed temperature, measured bolomotrieally (and the gal¬ 
vanometer-dolled ion reduced to the same units).* The bolometer 
temperature was 2'KI” absolute. The following observations of 
bummer and Kurlbaum show the anomalies that have to he 
considered with other than black Indies. (See the following 
pages.) 

The radiant energy of ferric oxide is from -1 to r> times as great 
as that of polished platinum, but nevertheless considerably 
smaller than that of a black Ixxly. With increasing temperature 
however the radiation of non-black Indies increases faster than 
that of altsolutely black suitstances. 

In Wry's thermo-electric telescope (Fig. IS) the image of the 
glowing surface whose tem|>erature is to lx* measured falls upon 
the soldered joint of a copper thermo-element, a galvanometer 
i>cing inserted in the circuit of the latter. The solder becomes 
heat ml, and the thermo-t'.m.f. generated is measured by the 
galvanometer. The image of the glowing surface is thrown upon 
the solder by means of the eye-piece (>. The objective F is 
made of flimr spar, which altsorlts very little of the radiant 
energy. Some instruments are made with glass objectives. 


TAIil.K XXIV. 


HAOtWr UNUttUV OF VAUtOtrs huhhtanokh. 


Airlift u K 


r 

r i% 

lllttuk Itfwlv. 

PoflHliMl Piftti- 





DtlUt. 

m k 

290 n 

10K 

9 


41)3 

390 

109 

0 

4^23 

014 1 

290 

10H 

4 

1 5.50 

im \ 

200 

100 

0 

; H, 14 

1103 : 

300 

tot. 

,0 1 

12, IS 

1411 I 

200 

no. 

,7 i 

I 10,00 

1701 i 

! 

200 

i 



j 19,04 


FhtIc Oxitlt*. 


33.1 

30.0 
40,9 
64,3 
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The following table .shown the close agreement of results, 
determined with different optical pyrometers, used to measure 
the temperature of the electric arc light. 1 

TAB LIS XXV. 

COMPARISON OF PYROMETRIOAL MEASUREMENTS. 


Observer. 


Absolute Tempera* 
ture. 


Method. 


Le Ohatelier. 

Violle. 

Wilson & Gray. 

Wanner. 

F6ry . 

Lummer & P rings he im.. 
F<$ry.. 


4370 

3870 

3600 

3700-3900**) 

3600-4000 

3750-4200 

3760**) 


Photometry: intenaity of 
red light. 

Calorimetry: specific heat 
of coal. 

Total radiation of cupric ox¬ 
ide (empirical equation). 

(According to the coal used) 
photometry; Wien’a law. 

Wave length of maximum 
radiation (Wien’s law), 
do................... 

Total radiation; Htofan- 
Boltzmann’s law. 


Temperature of the black body. 


Methods based upon the change of electric resistance. Tem¬ 
perature can also be measured by the change in the electric 
resistance of a spiral platinum wire, wound around a rod of fire¬ 
clay and protected, from the outside by a day-vessel (Fig. 19). 



Pm. Uh . -Spiral Platinum Wirt* Cprutwtetl). 


The law governing the relation Ix'tween resistance and tem¬ 
perature is represented by a parabola. 'Phis principle; was first, 
used by Siemens, but soon abandoned in practice as the plati¬ 
num is affected by silicon, phosphorus and the gases of reac¬ 
tion, whereby its resistance is considerably changed. 

At first a platinum tube was put around the platinum wire, 
which made the apparatus too fragile and too extensive. It 
was soon found that a porcelain-tube would do just as well. 
The apparatus therefore is very apt to break, and is hardly used 
except for very accurate measurements in laboratories. 

1 Waldner & Burge* The temperature of the are {Pltyi, Iter, itb Mr, 4 ), 
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tabu: XXVI. 

COMPARISON OF PYROMKTHICAl, MEASUREMENTS. (Fisdicr.J 


Pyrometer of 


Htoinlo *% UmtuiiK 
(CSnijihlfo PyrtwiHfr». 


SiomoitH (lU'MMuun* 

1’ynmii‘trr), 


Fincher ((-ulon- 

lUf'tfT). 


Mercury Thermom¬ 
eter (Geissler). 


1 

:if»H 
72 8 
700 

200 

SOI 

102 

ioa 

103 

843 

910 

802 

8 m 

848 

on 

.112 

294 


1 V.N. 

3(11 
012 
612 
2 00 

98 
100 

99 
101 

751 

837 

778 

751 

744 

449 

308 

290 


602 


754 
761" 


261 

99.5 

99.8 

99.8 

99.8 


730 

440 


304 

287 


Upon the name principle are baaed the pyrometers of Hart¬ 
mann and Braun in Boekenheim-Frankfurt am Main, of Oallendar 
and other*. 

The results of Home measurements with these instruments 
an* given in Table XXVII: 


tabu; xxvii. 

MKAHt’HKMR.NTH WITH HARTMANN AND BRAUN’S PYROMETER. 

| Peg. (Vut. 


Milling point: 

Tin ., 

Bismuth 
Cadmium 

Lend 

7Am .. 

Zitw,, 

Mitftttwium, 1 % impurities 
Antimony 

Aluminium, 09.0% A1 
Silver . . 

I Itild 
Copper 

K,S< k . .. 

K*H< k Ntdidifyiiig point,., 

melting point. , 

N%HC) 4 noilddying point.. 
Nh,<H> 4 , molting point 


232 (Callendar and Griffiths, Hoy- 
cock and Neville) 

270 Chdlimdar and Griffiths. 


322 Do, 

329 Do. 

421 Do, 

419 I ley cock and Neville. 
633 * Do. 

629 J Do. 

654.5 Do. 

960.5 Do. 

1062 Do. 

1080.5 Do, 

1084 Do, 

1067 Do, 

902 Do. 

883 Do. 

850 Do. 
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Henri Lc Chalelicr 1 * ihermo-elccirie pijromeivr. This instru¬ 
ment is based upon the measurement ol the eurrent 
produced by heating the soldered joint ol a thermo-element. 
The solder immediately reaches temperature-equilibrium with 
the body or space whose temperature is to bo measured, and the 
instrument can be set at quite a distance from the place to bo 
investigated, which is of considerable advantage*. 

The selection of the metals for the thermo-element is of impor¬ 
tance. Iron or nicked e*annot be* use*d, as the*se* medals, when 
heated at one point, set up loe*al e*urrents. (ienerally one* wire* 
is of platinum ami the other of platinum eemtaining 10 per e*e*nt 
e)f irielium or rhe)elium. 

Fe>r measuring the current he Chatelier usc*s a Depress 
d’Arsonval aperie)die* galvanometer fitted with a mirror and scale, 
or a needle-galvanometer, built according to his instructions 
by Pcllin in Paris. Kaiser and Schmidt in Berlin and Siemens 
anel Halske use needle^gal variometers. 

According to the investigations of 1L he (lhatelier t he* relation 
between the electromotive force and the* temperature difference 
between the soldered joint and the extremity of an element, 
consisting of platinum and palladium can Im* expressed by the* 
equation: j 

c - 4.3 (t - 0 + «* - O- 


He found l - t„ ~ 100° 445° U54° UHK)° If,5<> H 

e « 500 2050 10,fKX) 12,200 24,030 

By using a thermo-element consisting of platinum and a pint- 
alloy, the'equation takes a different form. 


TABLIO XXVIII. 

MKAHUKBMKNTH WITH Til KitM(M'U.KMKNTH, 


Barns. 


Pl-Pt 90 + Ir 10 

t 

Degrees. 

300 

500 

700 

900 

1100 

e 

" 2,800 
5,250 
7,900 
10,050 
13,800 








U* Ohuaiitr, 

et pi no i ith in 


( 

r i 

Dtimm 


100 

560 

357 

2,770 ; 

445 

3,630 

065 

0.1 HO 

1000 

10.500 

1550 

10,100 

1780 

j 18,200 i 


Utfllturii iiiid Wl«*n. 
Pi 1*1 tin t llii lit 


Drum *», j 

tmi i m 

200 j 1.200 

400 ; um 

<100 j 4,020 

Will 6,070 

1000 | 9.0H0 

1200 | 11,460 

1400 12,860 

1000 1 10.220 
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All those observations when plotted show similar curves, For 
bo (’hatcher's observation we have: 

logo 1.2190 log/ | 0.202. 

Wherein e is expressed in microvolts. 

The best way is to calibrate the instrument by direct observa¬ 
tions. For this purpose 1 the data Riven in Table'. XXIX can be 
used ■ 


TABLK XXIX. 

I »AT.\ !•( lit CAM lilt ATI NO I'VUOMKTKHS. 


Boding point of wntt*r 
Boiling point of unphtlmliuo. ... , 
Molting point of ainc., . . . , 

Boiling point of mdphur . .... 

Molting point of aluminium . , . 
Molting point of tmlt . 

Molting point of mlkmto of ttodium 

Boiling point of nine 

Molting point of mi Ivor. ...... 

Molting point t»f gold., 

Molting point of palladium .. 
Molting point of jdatinum 


UK) 

218 

420 

445 

655 (667) 
800 
883 
030 

960 (961.5) 
1045 (1064) 
1500 
1780 


cTho ftgurow in ptirwtthwm wt*m dotonnlnod by lioilwm and Winn). 


The (toiling points of water, naphthaline and sulphur are de¬ 
termined by heating the suInstances to the boiling point in an in¬ 
sulated glass tula* cIohim! at the Ixtttom; then the soldered joint 
of the thermo-element is immersed in the vapor. The melting 
{mint of zinc is otiscrvcd by enclosing the thermo-element in a 
{Kircelain tulie (Fig. 20), and immersing it in the molten metal. 



When determining the melting {mint of gold a few milligrams of 
gold are placed under the thermo-element, which is put into a 
crucible filled with sand (Fig. 21) and heated alxtve 1000 degrees, 

























84 


HEAT ENERGY AND FUELS 


at the same time carefully watching the movement of the galva¬ 
nometer. When the gold starts to melt, the galvanometer remains 
stationary until all the gold is melted, when the temperature 
continues to rise at a steady rate. 

When measuring the temperature of steel-furnaces, etc., the 
thermo-element must be enclosed in an iron pipe. For poreelain- 
fumaces where temperature measurements are made constantly, 
the thermo-element, which is protected by a glazed earthenware 
pipe, is permanently attached to the furnace but does not extend 
into’ the interior of the furnace. It is heated by a specially 
arranged circular recess. 

This instrument is made in Germany by W. (\ Heraeus in 
Hanau, and by Kaiser and Schmidt in Berlin, as shown in Fig. 22; 



Fm. 22, —■ Holbam-Wum Pyromutitr, 


it is specially constructed for industrial use. In the report of 
the " physikalisch-technische Reichsanstalt,” the advantages of 
the Holborn-Wien modification of the I & Ohatelier pyrometer are 
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set forth: the reading of the instrument, is so simple that a fairly 
intelligent workingman can learn, in a short time, how to use it. 
Furthermore the instrument, is durable, the accuracy is not 
impaired by high temperatures, the reading apparatus can he at 
quite a distance from the furnace and one indicating device can 
Ik* vised for a numlier of thermo-elements. 

The thermo-element consists of a pure platinum wire 0.(1 mm. 
in diameter and 15(H) mm. long, one end of which is melted to¬ 
gether with the end of another wire consisting of an alloy of 10 
per cent rhodium and 00 per cent of platinum. The purity of 
the metals used is of importance if the same thermo-electromotive 
forces are to lie obtained. 'Hu* opposite ends of the wire are con¬ 
nected to a circuit. By heating the solder a small e.m.f. is 
generated (alxiut 0.(H)I volt per 100 degrees temperature differ¬ 
ence lx*tvveen the soldered end and the free end). This e.m.f. is 
measured by means of a galvanometer provided with two scales, 
one graduated in microvolts, and the other in temperature- 
degrees. According to llollsmi and Wien, the accuracy of the 
instrument at KHKF (1. is 5° (\ 



Fin, 23, —- Artftngftment of Element, 


When in use the wires of the element must not come in contact 
with substances that react with platinum or its alloys. This is 
prevented by suitably mounting the instrument in a porcelain- 
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tube, whic.h at the same time provides the insulat ion ot the win's. 
These porcelain shells can stand temperatures up to 1600 degrees. 
Fig. 23 shows how the element is mounted. A hard rubber disk, 
having an opening in the center is slid from the bottom over the 
outer porcelain-tube. This disk has a recess which fits about the 
head B of the porcelain-tube. A layer of asbestos-cord is wound 
in between A and B. The upper hard rubber disk is provided 
with two small openings, through which the wires of the element 
arc drawn and a recess for the porcelain insulating tube. The 
disk L is permanently connected with disk A by moans of throe 
brass screws. Two binding screws, which serve as terminals, arc 4 
attached to C. Asbestos cord is wrapped around the outer 
porcelain-tube, the latter being forced into the iron pipe I), I) 
is provided at the lower end with a removable cap and at tlte 
upper end with a bell K to which the hard rubber-head of tin 1 
mounted element is fastened by means of three iron screws. 

The temperatures of molten metals, slags, etc., an* preferably 
determined with floating pyrometers of spheroidal shape 1 . 


TABLE XXX. 


TEMPERATURE DETERMINATIONS, OPEN-HEARTH STEEL FURNACE, 

d* riuiwiiT.) 


Gas leaving producer. 

Gas entering regenerator. 

Gas leaving regenerator. 

Air leaving regenerator. ....... 

Flue gases at bottom of flue. ... 
Furnace, beginning of puddling 
Furnace, end of discharge , .. .. 
Casting-pan, beginning ........ 

Casting-pan, end ... .. 


ifcic (Vm. 

720 

400 

1200 

1000 

300 

mo 

1420 

1580 
1400 


(iL ASH FCHN \(*E. 


Furnace, during refining 
Glass, during refining ... 

Glass, during work. 

Heating of bottles...... 

Rolling plate-glass.. 


1400 

1310 

1045 

&M 

mo 


ILLUMINATING UAH MANt’PACrrt'KK 


Furnace on top.. 

Furnace on bottom.. 

Retort at end of distillation 

Flue-gases... 


1100 
1060 
076 

§80 
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Tin* Hartmann and Braun ] >y ronuH(M* is basis I upon the same 
principles Hie thermoelements, up to 1000°(\, consist of plati¬ 
num and platinummickol, up to Ui00° (\ of platinum and plati¬ 
num rhodium. The nickel element is twice as sensitive as the 


rhodium element. 

Oku AMii's. 

Burning temperature of hard porcelain. M()()° (\ 

Burning temperature of china porcelain.. 1275° V. 

Burning temperature of bricks... 1100° 0. 


Wlbonjh's Thvrmophone (Mg. 21). 

This consists of a fire¬ 
clay cylinder, containing 
a small copper-cartridge 
filled with dynamite. The 
thermophone is brought 
into the spare, whose* tem¬ 
perature is tol»e measured, 
and the* length of time observed until an explosion takes place 
(light detonation). The* temperature is then read from a table. 

To ascertain the time required for heating the cartridge by 
heat -conduction to the exptosion4emperature (150° (\), Fourier's 
equation is used: 

^ o > it - n) i -.“ L e 

\ r. 




In thin equation, I is the outside temperature; y, the tem- 
perature of a jtoint in the interior, at a distance x from the 
surface after a time, 2 , and 0, the original temperature of the 
elay-lxtdy. 


^ - 


(' is the heat conductivity of the sultstance; 

c, the specific heat of the suftstance; 

d, the weight of 1 cu.m, of the substance, in kg., and 
z, littie in hours; 

x, the distance of the jtoint ottserved, from surface of test-body, 
in meters. 
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Table XXXI can be used for ascertaining the temperature. 


TABLK XXXI. 

DATA ON WIBORUH’S TIIKUMOPHONK. 




I 


n 

hi 


3 




•— 

• ”•.. 


1 

a 







o 


0> 

w 

T3 

t 

•8 

w 

4 

to 

1 

3 

3 

G 

3 

G 

G 

3 

a 

G 

8 

(S 



J 

£5 

l 

23 

i 


30C 

3 

33.0 


40.4 



1140 

32C 

3 

0.0 

2 

25.2 



1100 

340 

2 

45.6 

2 

9.2 



1180 

360 

2 

29.6 

1 

50.8 



1200 

380 

2 

17.0 

1 

40.8 



1220 

400 

2 

6.0 

1 

38.0 



1240 

420 

1 

58.0 

1 

32.0 



1200 

440 

1 

50.0 

1 

20.2 



1280 

400 

1 

44.2 

1 

21.4 



1300 

480 

1 

39.0 

1 

17.2 



1320 

500 

1 

33.8 

1 

13.4 



1340 

520 

1 

30.0 

1 

10.2 



1300 

540 

1 

20.4 

1 

7.4 



1380 

500 

1 

23.0 

1 

4.8 



1400 

580 

1 

20.0 

i 

2.4 



1420 

000 

1 

17.2 

i 

0.4 



1440 

020 

1 

14.8 

58.0 



1400 

040 

1 

12.0 


50.0 



1480 

000 

1 

10.4 


55.0 



1500 . 

080 

1 

8.0* 


53.0 



1520 . 

700 

1 

0.8 


52.2 



1540 , 

720 

1 

5.2 


50.8 



1500 . 

740 

1 

3.0 


49.8 



1580 . 

700 

1 

2.2 

r ■ ■ * 

48.6 



1000 . 

780 

1 

1.0 


47.6 



1020 . 

800 


59.8 


40.0 



'1040 . 

820 


58.4 


45.0 

.... 


1000 . 

840 


57.4 


44.8 



1080 

800 


50.4 


44.0 



1700 . 

880 


55.4 


43.2 



1720 , 

900 


54.4 


42.0 



1740 . 

920 


53.0 


41.8 



1700 , 

940 


52.8 


41.2 



1780 . 

900 


52.0 


40.0 



1800 , 

980 


51.2 


40.0 



1900 

1000 


50.0 


39.4 



2000 , 

1020 


49.8 


38.8 



2100 . 

1040 


49.2 


38.2 



2200 , 

1000 


48.0 


37.8 



2300 . 

1080 


48.0 


37.4 



2400 . 

1100 


47 2 


37,0 



1120 


46.8 


30 * 4 

. . .. < 

14.6 



I 


46.2 

45.6 

45.2 

44.6 

44.2 

43.8 

43.4 
43.0 
42 6 

42.2 

41.8 

41.4 

41.2 

40.8 

40.4 

40.2 

39.8 

30.4 

30.2 
30,0 
38.0 

38.4 
38.0 i 

37.8 
37.0 

37.4 
37.0 

30.8 
30,0 
30 4 

30.2 
30.0 

35.8 
85.0 
84.0 

33.8 
33.0 

82.2 
31.0 
31.0 


in 


44.2 
48.0 

43.2 

42.8 

42.4 
42.0 
41.0 

41.2 

40.8 

40.4 
40.0 
39.6 

39.2 

38.8 
38,0 

38.2 
38,0 

37.8 

37.4 

37.2 

30.8 
30.0 

36.4 

30.2 
30.0 
35.0 

35.4 

35.2 
85.0 

34.8 
34,0 

34.4 

34.2 
! 34.0 
33.0 

32.2 
31*4 

30.8 

30.2 
29.0 
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The thermophone has to be k(‘])t. in a dry place, and when used, 
must, have an initial temperature of from IS to 22° C. 

(u) \\ lam determining tin 1 temperature in reverbntory- or 
lnulllc-lumaees, stacks, etc., or in all cases where the thermo- 
phone rests upon a solid base and is surrounded by hot gases, 
the time elapsing between the insertion of the thennophone and 
the explosion is read and the temperature taken from Table I. 

(6) When determining the temperature of liquid metals, such 
as zinc, lead, copper, silver or gold, an iron pipe, closed at the 
ljottom, 80 mm. inside, d I todti mm. outside diameter, is inserted 
in the molten metal; after a few minutes, when the pipe has 
attaint'd the same temperature sis the metal, the thermophone is 
slid into the pipe. In this cast; the temperature is read from 
Table II. 

(r) When measuring high temperatures of molten metal and 
slag, such as iron, steel, etc., the thermophone is thrown upon 
the surface of the metal and slag, and the temperature is taken 
from Table III. The above table is made out for 0 * 20°('. 
If the air-temperature differs from this a correction must be made 
according to equation: 


I' t 


0- 

y .... 


r 

7 


(t - y); 


if 

we have: 


1/ « 150°, ft « 20°, 


20 - O' 

‘' i m - 20 {t " lo0) 


20 - 0 ' 
130 


(i - ir>o). 


If at an air temperature of 0' » 30 degrees a temperature of 
2000 degrees is found, the correction is 

r t ' o - 150) • - 142°, 

IdO 

Mid the measured temjjerature is t' * 2000 - 142 1858° C. 

The results obtained with the thennophone are very satis¬ 
factory. Contact of the thennophone with basic slap has to be 
avoided, since in such cases the explosion takes place too early, 
which gives too high results. 
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TABLE XXXIL 

COMPARATIVE DATA ON YVIBOROH’N THNRMOPHoNK. 


T(*mpi*raturiv-Mt*a.surc‘m( k ntH. 


Air PyroinWrr. 


Thmuophonr. 


Heating furnace... 

Heating. 

Open-hearth steel upon acid slag 

upon steel. 

upon strongly basic slag. 


784.5 

875.0 


lhr,. (Vnt. 
772 764 

888 878 

over 2400 
1812 

over 2400 


In practice automatic, registering pyrometers an 1 very useful 
as they make a continuous control of the temperature-changes 
possible. Because of lack of space, they cannot lie <lescril>ecl in 
this book. 


Suggestions for Lexxonx. 

Practice in handling various pyrometers; 

Adjustment of same; 

Determination of melting points, heating and cooling curves; 
Comparative temperature-measurements with different pyro¬ 
meters. 










(•HAI’TKIt IV. 


COMBUSTION HEAT AND ITS DETERMINATION. 

Hioat value, fuel value, thermal value, calorific, value or ther¬ 
mal efficiency is the quantity of heat developed from a certain 
quantity of fuel in complete combustion. It is generally 
expressed in calories. 

This quantity is called absolute thermal value, etc., if it is 
referred to the unit of weights, specific thermal value, if referred 
to the unit of volume. 

I’yrometrie thermal efficiency is called the temperature that 
can theoretically l>e reached by combustion of the fuel. 

We are going to speak first of the absolute thermal value or, 
ehemieuUy expressed, of the determination of the combustion- 
heat, which is generally figured in calories, sometimes however 
given in jx'r cents of the thermal value of pure carbon, or as 
“evaporating-power,” or in comparison with some other fuels, 
or as the quantity of lead reduced by 1 g. of fuel. 

The expression of the thermal value in calories is easily under- 
stood as it. means the numl>er of large, calories furnished by the 
combustion of 1 kg. of fuel. If this quantity is divided by 8080 
(the thermal value of l kg. of charcoal according to Favre anti 
Hilbermann) the thermal value is obtained, expressed in terms 
of the heat-value of pure earixm. 

The expression of the thermal value of a fuel by its “evapo¬ 
rating power” was first proposed by Karmarsch. It means the 
quantity of water transfoniWHl into steam by 1 kg. of fuel and is 
obtained by dividing the thermal value expressed in calories 
with (552 (the heat-quantity, necessary, according to Regnault, 
to transform 1 kg. of water at 0° 0. into steam at 150° €.). 

For certain pur|x>«es the thermal value of one fuel is compared 
with the value of another fuel, i.e. the fuel quantity equivalent 
to the other is given. Generally 1 cubic meter of soft logwood 
is taken as unity which has a thermal value of about 900,000 cal. 
Table XXXIII will be useful for transformations. 
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TABLK XXXIII. 

TH Kit MA L TH A NSKt >It M ATI ON VALFIOS. 


Thermal Valuo in 


()alori(\s. 

HefVrml to 1 Ktb of 

Pure Curium. 

1 

0.00012376 

8080 

1 

652 

0.080693 

900.000 

111.4 


Kvaporating Power. 


0.0015337 

12.39 

1 

1380 


(*ubic Meter of Holt 
Logwood, 


o.ooooo nil 

0.00898 

0.000724 

1 


In determining the thermal value account has to lx* taken of 
the quantity of hydrogen present which is oxidized to water. 
According as we assume that this water is completely condensed 
or completely changed to steam, we obtain the highest and 
lowest calorific values, respectively. 

The following methods have been proposed for determining 
the fuel value: 

1. Direct determination of the thermal value. 

(a) On a small scale, in calorimeters. 

(&) On a large scale, in steam-boilers. 

2, By means of empirical formula based on certain chemical 
tests. 

(а) Calculation of the thermal value from the chemical 
composition (elementary analysis). 

(б) Calculation of the thermal value from the quantity of 
oxygen required for complete combustion (Berthier’s method). 

(c) Based on simple chemical tests. 

(1) Direct determination of the thermal value. These methods 
undoubtedly give the best results. Several details have to be 
considered; all losses or gains of heat have to be avoided. Tins 
is easier accomplished in small than in large apparatus. 

The determination of the thermal value on a small scale, how¬ 
ever, has a disadvantage in that it is very difficult to got a good 
average sample small enough to Ire burned in a small apparatus. 
The only apparatus to be recommended are those in which a 
single reliable determination can be made simply and quickly, 
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so that a great, number of determinations can be made on any 
one sample without difficulty. 

We shall consider here only some of the most widely used 
calorimeters. 


Of the calorimeters in which combustion with oxygen under 
atmospheric pressure takes place we shall describe only the 
calorimeter of l 1 '. Fischer (Fig. 2f>). 


The oxygen for combustion is led 
(sometimes after being washed with 
caustic [Hitash and dried) through 
the gas pipe a and the platinum 
pipe r. The latter is fitted loosely 
in the cover e of the combustion- 
ehnmber .1 (made of 9. r > per cent 
silver) and reaches into the platinum- 
crucible /, which contains about 1 g. 
of the fuel to tm tested. The com¬ 
bustion gases escape through the 
platinum-net u and then upwards 
ltetween crucible and ring V through 
x, i and e into the pijies r and h. The 
platinum-net. », upon which some 
soot is deposited, finally gets so 
hot that the soot is burned. The 
calorimeter-vessel li, which contains 
I.KKJ g. of water, is surrounded by 
a layer of mineral wool (' and the 
wooden ease 1). The two thermo¬ 
meters / serve for measuring the 
tem|H'rature of the calorimeter 
water and of the escaping gases 



resiicetivelv: iris a stirrer, operated „ . . . 

by in and the silk-cool <>. By means 

of a magnifying glass one one-hundredth of a degree can be 


oliservisl and recorded. 


Calorimeters in which combustion in oxygen takes place under 
pressure, as for instance the apparatus of Berthelot, Mahler, 
Htohman, etc., are very convenient. In all these methods the 
combustion of the fuel takes place in a closed chamber, in which 
the fuel is enclosed with a sufficient amount of compressed 
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oxygen. The increase of temperature of a certain mass of water 
(calorimeter-water) into which the apparatus is immersed, is 
observed and recorded. 

The calorimetric bomb of Mahler is illustrated in Fig. 2f> and 
consists of the following parts: (1) A bomb H made of excel¬ 
lent steel somewhat softer than gun-steel. This steel has an 



Fm. 20. — Oalonim'tcT Bomb (Mahlor). 


absolute strength of f>f) kg. porsq. mm. and 22 |>cr cent, elonga¬ 
tion. The quality of the steel was carefully selected on account 
of the strength and also on account of the enameling, of which 
we will speak later. 

The bomb has a capacity of (if>l cu. cm. and its walls are <S mm. 
thick. This capacity is much larger than that of Bert helot's 
bomb, the object being to obtain an oxygen surplus even when 
using a gas not entirely pure. Fuel-gases are also studied with 
this bornl>. The fuel gases often contain sis much as 70 jaw cent 
of inactive substances, which make it necessary to take con¬ 
siderable quantities when testing in order to obtain a measurable 
increase of temperature in the calorimeter. 

The oval shape was selected in order to facilitate the forging 
and enameling. The bomb is nickel-plated on the outside, ami 
coated with enamel ori the inside to prevent any bad effects from 
nitric acid, which is always formed by combustion. This enamel 
takes the place of the platinum-lining in Bertlielot’s apparatus. 

The bomb is closed with a threaded plug packed with sheet 
lead. The plug is provided with a tajier threaded cock, which 
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serves us inlet lor the oxygen and through which is inserted a 
well insulated electrode A\ which is attached to a platinum 
rod b that extends towards the interior. Another platinum 
rod, also fastened to the plug, curries a platinum cap for receiving 
the fuel to he tested. 

( 2 ) 11a* other parts of the* apparatus an* the calorimeter I), 
the* calorimeter-jacket A and tlu* stirrer They differ in details 
from Bert helot \s apparatus and are less expensive. 

The spiral-si taped stirrer of Berthelot is replaced hen* by a 
simple and easily operated circulation device which allows the 
production of a uniform circulation, 

{.’}) We may further mention: the thermometer, which is 
divided in u \ a degree, the source 1 of electricity P and a watch or 
minute-glass. 

(It Mahler uses oxygen from an oxygen-bomb. Since, the 
most favorable pressure for burning 1 g, of bituminous coal is 
about 25 atm., and sinee the bombs contain 1200 liters (120 
atm.), one of these vessels is sufficient for about 100 determi¬ 
nations. A pressure-gauge (manometer) inserted between the 
oxygen-bomb and calorimeter-bomb allows the pressure of the 
oxygen to be eontrolled. 

The pressure used with solid and liquid fuels is 25 atm.; with 
gases rich in earl Mm (illuminating gas, etc.) 5 atm., and with 
poor gases (produeer gas, etc.) 1 atm. To insure* the complete 
combustion a certain excess of oxygen must be present; too 
great an excess, however, would lower the combustion tempera¬ 
ture and thereby cause incomplete combustion. 

The two insulated electric conductors which pass through 
the plug are connected inside the bomb by a spiral made of 
0.1 mm. iron-wire*, that extends into the fuel and causes ignition 
after the state of incandescence is reached. 

The fuel is contained in a small vessel of platinum, which is 
connected in the electric circuit. In a bomb containing 050 
cm. run, 1 g. of fuel is used. Slightly volatile liquids can also be 
used directly. 

When measuring gases the bomb is evacuated and filled with 

gas at- certain timi} endure under pressure, which process is 
repeattxl twice 1 for removing every trace of air. 

It m iieeessary that the calorimeter-water and jacket water be 

in tetn|s^mtunKMjuilibrium with the air of the room. All the 
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apparatus is allowed to stand in the test room for 24 hours pre¬ 
vious to the test, immersed in a sufficient amount, of water. The 
apparatus has to be protected from the sun and from draughts, 
which will cause a variation of temperature. 

The constants of the. calorimeter are determined by burning 
a known quantity of a certain substance of known thermal value, 
for instance, 1 g. of naphthaline yielding 0.70 cal. 

When making a determination, 1 g. of the powdered fuel is 
weighed and put into the small vessel. The powder should not. 
be too fine, as otherwise it might be carried away by the current, 
of oxygen. If a fine powder is to be used it is wrapped up in 
paper of known weight and known thermal value. 

The bomb is closed and the oxygen allowed to enter slowly so 
as to avoid blowingaway the powder. When the desired pressure 
is reached the cock is closed and the bomb cut. otT from the manom¬ 
eter. The bomb is put into the calorimeter, five minutes ls i ing 
allowed for equalizing the temperature. The vessel must Ik* held 
upright to avoid spilling the powder. The stirrer is moved rap¬ 
idly and continuously for three minutes in order to obtain a uni¬ 
form temperature of the water, and the temperature of the 
calorimeter read and recorded. 

The fuel is ignited by impressing 10 volts on an iron-wire; the 
temperature is read and recorded every minute for six minutes. 
The temperature equilibrium of the bomb and calorimeter is 
generally perfect after three minutes. The readings during t he 
next three minutes are used to correct the lio qt, radi ation . 

It is generally sufficient to add to the increase of temj>eraturo 
recorded three minutqs after ignition the decrease of temj>orature 
observed during the two following minutes. This is not abso¬ 
lutely correct, but sufficiently so for commercial purposes. The 
exact corrections give results varying not more than t ka from the 
correction mentioned. 

^secpnd^cQErectipn relates to the combustion heat of the iron- 
wire in oxygen, which amounts to 1.6(H) cal. per 1 g. iron, and to 
the heat liberated by the formation of a small quantity of nitric 
acid. The latter quantity has to l>e determined for very accurate 
work, but can be neglected in commercial tests, the error amount¬ 
ing to less than/aj^md being nearly compensated by the error 
in the correction for cooling. 1 g. HNO s yields by its forma¬ 
tion 0.230 cal. 
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KxampU'.: One g. of naphthaline is used for combustion. 

W ater-conteut of calorimeter .2200 g. 

Water-value of bomb, etc. .JXO ^ 

20X0 k- 

Measurements of temperature: 

j IMimv Ti-.t j Comlmiilim. i CikiIIiik. 

' »' 17 52” j 20.15 ! (!' 21.0(1° 

1' 17.52" j V 21.0(1 V 21.07" 

: * 17 .nr y 21.11 h' 21.00" 


Rise in temperature observed. 

Correction for cooling. 0.0t° 

Total ;{.o;j° 


Quantity of beat, HAUi X 2.0,S 0.72X eal. 

Com*etion for iron, 0.025 X 1.00 - 0.010 eal. 
Difference ” O.OXX eal. 


If a correction for the nitric acid formed had been made the 
result would have I teen i).0Xf> eal. 

Mahler found in a lecture, be. under conditions which pro- 
hibited the attainment, of tempcraturc-e<|uilibrium in the calorim¬ 
eter, eal. as the fuel-value of a bituminous coal, while in 
dm lulsiratory, when taking all precautions. In* obtained a value 
|M*r cent lower. 

If the coal contains eonsidembjt! amounts of sulphur, same has 
to is* consider* *d. The sulphur is completely oxidized to sulphuric 
acid and can 1m determined by well-known methods after washing 
the (tomb with water. 'Hie other calorimeter-bomb, in which 
combustion is effected with oxygen under pressure, is arranged 
in a somewhat similar manner. 

All determinations made in such apparatus have two defects. 
They give a thermal value at constant volume while in practice 
all combustion takes place at constant pressure; on the other 
hand they give the so-called upper thermal value, as the hygro- 
seopie water of the coal, and the coal formed by combustion is 
cooled to air-temperature, i.e. condensed, so that the thermal 
value determined in the bomb includes the latent heat of evapora- 
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tion of the water, which can never be utilized in lining. To 
counteract this last defect Kroeker proposes to put the bomb 
after combustion into an 'oil-bath at from 105° to I l() u and 
to absorb the evaporated water in a calcium chloride appa¬ 
ratus; finally, to pass dry air through the bomb. Since ho uses 
very exact corrections for the cooling of the calorimeter, wo 
give an example of his method. 

Temperature of the room 20 degrees. 


Water in calorimeter 
Water value of the apparatus 
Weight of iron-wire and coal-briekette 
Weight of iron-wire alone 
Weight of coal-briekette alone 


2100 g. I 

d-10 g. S 
1.0059 g. 
0.0187 g. 
1.0772 g. 


2110 g. 


Weight of the chloride of calcium apparatus: 

(a) Before test. 18.21(>9g. 

(b) After test. IN.7(K)f> g. 

Weight of total water. 0.5-180 g. 

Weight of water in () 2 . 0.0250 g. 

Weight of water in coal. 0.5180 g. 18% 


TAB OK XXXIV. 


TKMI’KRA’l 


No. 

First 

Test. 

Mailt 

Heading. 

Differ¬ 

ence. 

Heading. 


T * 

V 

t 

1 

18.750 

f 

18.759 

2 

18.753 

0.003 

IS). 170 

3 

18.753 

1 0.000 

20.530 

4 

18.756 

0.003 

21.240 

5 

i 18.756 

0.000 

21.590 

6 

18.757 

0.001 

21.723 

7 

18.758 

0.001 

21.749 

8 

18.758 

0.000 

—. 

9 

18.759 

0.001 

Difference 

10 

18.759 

0.000 


Bum 

187.759 

0.009 


Aver. 

18.756 

0.001 

i 


TUM ('HANOI:. 


Vh| . 

After Tent. 


Differ¬ 

ence. 

Heading, 

I Differ 
| enee 

Note, 

i 

7 f 

| #*'. 


18 759 

21 744 


The coal 


21.742 

0 002 

wiih burned 


21.739 

0 0011 

im f urn tidi¬ 


21.729 

0.010 

ed without 


21.720 

0.009 

twin# mud it 


21,713 

0 007 

! air dry. 

21,749 

21.707 

0.006 

2.990 

21.704 

0.003 




i 



173.798 

0 040 



21 727. i 

! 

o mm 
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Tlir temperature of tin 1 calorimeter wafer rose *2.01)0° (!. 

For correcting the temperature the formula of ItegnaulUStoh- 
mann-l’fauneilcr is used: 


Corr. 



I / " 1 \ 

, " i X t - wr ) ("-«>». 


I' moans herein average of temperature-differences of tlui 
preliminary test. 

r means herein average of temperature-readings of the pre¬ 
liminary test, 

/,. . /„ means herein the temperature-readings of the main 
test. 

r' means herein average of temperature-differences of final 
test. 

r' means herein average of temperature-readings of final tost, 
n means herein number of readings of main test. 


For our example we have: 

»> i' f o.ooi i o.oor> o.ooo 0 

r' r 21.7*20 18.700 2.909° 


t, l x 0,111 
0 9 


0.010° 


/, 1/ 


40. INS 
•> 


20.211° 


» i 

V (/) 123.002° 

M/ 

I 

nr 7 X 18.700 121.202° 

la - l)e 0 - 0.001 0.000°. 


Tin* correction therefore is: 

0 (HHi 

forr. " fO.010 t 20.244 f 123.012 - 131.292) - 0.006 

0 . 0 ! 2 °. 

Corrected inereasi' of tmnjH'rature ■ 2.090 + 0.012 =• 3.002°. 
Heat generated in calorimeter 

3.002 X 2440 7324.8 cal. 
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If we deduct herefrom 2.92 cal. (that are developed from 
0.0187 g. iron-wire in combustion) we get the thermal value 
of the coal: 


7824.8 - 29.9 
11)772 


0772 cal. 


For the acids formed Krocker deducts S eal. (as average), whereby 
the thermal value of the coal becomes: 


7824.8 29.9 - 8 

1.0772 


0704 cal. 


Altogether 0.5430 g. of water were absorbed by the calcium 
chloride. According to previous tests 0.025 g. of same come 
from the compressed oxygen, so that for the coal burned we 
have 0.5430 - 0.025 g. = 0.5180 g. of water (48 per cent of the 
coal burned). The latent heat of evaporation is: 


0.48 X 000 288 cal. 


so that we get as useful thermal value of the coal (lower heat- 
value) 

070*1 - 288 - 0470 cal. 


Since the quantity of hygroscopic, water in coal varies widely, 
only dried coal should be used for the determination of fuel 
values. Furthermore since the determination of the water 
content of the calorimeter is a tedious operation, it is of advan¬ 
tage to determine the. hydrogen content of coal by elementary 
analysis. 

A calorimeter constructed by S. W. Farr, professor in the Htate 
University at Champaign, Ill., for determinating fuel values is 
more and more widely used on account of its low cost. This 
calorimeter is based upon the same principle as the ealorimoter- 
bombs, i.e. the combustion takes place in an enclosed space, so 
that during the process no gases can enter or escape. The oxygen 
is used in solid form and the products of combustion obtained 
are transformed into solid compounds, therefore combustion 
takes place at low pressure, and the expensive bomb is done away 
with. 
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Fig. 27 shows tin* assomblrd apparatus, Fig. 2N the* roaction- 
V(‘ss(*l I the* nirtridgu). 'The* ndorimotor propor consists of a 
nickel-plated cupper-vessel A , which (contains somewhat. over 
2 liters and a vessel (\ made* of wood fiber and surrounded by 



Vm, 27 Rurr Flu. 28, Reaction Vewel (for 27). 


another similar vessel, H. The entire apparatus is closed by 
the double-cover U, made of one piece. I'hereby such an excel¬ 
lent heat-insulation is effected that the maximum temperature 
attained in tin* reaction remains constant for five minutes, 
without falling even 0.001°. 

The reaction vessel t) ia a heavy, nickel-plated, brass cylinder 
itaving a cubic content of about 35 cu. cm.; it is closed at top and 
bottom with screw plugs and leather gaskets. The lower plug, 
/, rests upon a pivot-step bearing, F, connected to the cylinder 
K, The upjter plug is provided with a tube //, which extends 
through the cover, U, and carries the pulley, P. The four blades, 
h, A, art' attaehed to I). If the device is set in motion (by means 
of a Raal>e-turbme) at sufficiently high sjmed (150 rev. per min.) 
tin* calorimeter-water moves in the direction of the arrows and a 
{K*rfoctly uniform temjx*rature distribution ia obtained in the 
calorimeter. 

From Fig. 2K, which shows the reaction vessel (cartridge) on 
a larger wale it can be seen that the tube H contains a small 




102 


ukat A'.v may a.\i> fvei.s 


tube L which is open at one side and ends at the bottom in a 
conical valve K. The latter is kept closed by the spiral spring 
M until pressure is applied to N. 

In the cover, (1, a hole (S-9 nun. wide) is provided, through 
which a thermometer divided at least in degrees, but better in 
degrees, is suspended. The scale of the thermometer goes 
from 15 to 20 degrees and is OS to 40 cm. long. It. is ol impor¬ 
tance to have the graduated part of the thermometer absolutely 
and perfectly cylindrical. 

The manipulation of the instrument is as follows: After 
putting the double-vessel, CHI, upon a solid table the calorimeter- 
vessel, A, is filled outside of the wooden jacket with exactly 2 
liters of water (preferably distilled water), cart' lx*ing taken to 
keep the outside of A and the inside of (I dry. The temperature 
of the water should be about 2 degree's below the temperature of 
the room. A is now put into the wooden vessel, Cli, the reaction- 
vessel, 1), is dried perfectly by slightly heating on the sand-bath, 
the lower cover, I, is tightly screwed on and about 10 g. of per¬ 
oxide of sodium (sifted through 1 mm. mesh) put in. Next 
0.5 or 1 g. of the fuel and other substances, to Ik* mentioned later, 
are introduced into the reaction-vessel, and the cover (whose 
valve if it should have gotten wet, has to lx* dried) put on. 
While pressing N upwards, the charge is well shaken, then 
lightly tapped to settle the mass on the l>ottom, the valve K 
tried to see if it works easily, hk attached and vessel [> inserted 
in A. The cover, G, is now put on, also pulley, K, and the cord 
put over the latter, then the thermometer, r, is arranged jus shown 
in the figure. The stirrer is operated (alxmt 5 minutes) until 
the thermometer reading is perfectly constant, the reading 
recorded but the motor kept going to the end of the. test. 

Ignition is effected by means of a glowing piece of iron wire 
10 mm. in length and 2.5 mm. in diameter, weighing alxmt 
0.4 g. Such a piece can be used frequently until its weight is 
considerably less than 0.4 g. At a temperature of 700 degrees 
this wire carries 0.4 x 0.12 X 700 =» 00.0 cal., which corresponds 
to an increase of temperature of 0.016 degrees in the calorimeter. 
As readings are made with an exactness of 0.005 degree, correc¬ 
tion is made by subtracting from the temperature recorded 0.015 
degree. The iron wire is seized by means of curved tweezers, 
heated to red glow in a Bunsen flame, allowed to fall through N 
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into tlu 1 reaction-vrssrl; then N is pressed down witdi the 1 tweezers 
and ((uiekly released, so that, the iron falls out of K without any 
gas escaping at. /,. A noise is heard for several seconds, and the 
temperature rises first rapidly then slowly. After 1 or 5 minutes 
the maximum is reached, which remains constant for about. 5 
minutes, then the reading is recorded. The test, now being 
finished, the motor is stopped and Uu* apparatus taken apart. 
Cylinder, /■>, is put, into a dish filled with warm water, wherein 
its contents an 1 dissolved accompanied by the generation of 
heat. Alter neutralizing the solution with hydrochloric acid 
it is easily noticed whether unburned particles of coal arc 
present, in which ease the test is unsuccessful. This, however, 
happens only with anthracite 1 , when persulphate of potash has 
not. been added. With bituminous coal an addition of tartaric 
acid is sufficient, while 1 with lignite simply double the amount of 
coal is used, without the 1 additiem e>f anything. Vessel, I), is 
imme'eliate'ly washed and elriest. 

The wateT-value 1 of the e-alorimeter is 128.5 g. (whiedi shemlel 
1 m 1 eheekeel); we> have 1 therefore 1 , including the calorimeter-water, 
2128.5 g. Aeeording to numerous feasts (with an increase e>f 
temtperature /' I) 78 per e-emt, of the* head, gemewated is from 
the', combustion preepor, 27 per e'ent fremi the reaction e>f the 
prcxlue-ts e»f e'oudmstiou with Nr./) anel No/), respectively. 
If 1 g. eif coal has been burned (lignite), 0.78 X 2128.5 ft' — t ) 
15. r >0 it' I) eid. are gemerateel. We> have there‘fe>re simply 
to eledue't. 0.015 elegrae (for thee lu*at intre>elue*cel with the hot 
irem-wire) from the 1 tvcetreled difference etf temperatures L' — t 
anel tei multiply the* <|uautit.y obtained by 1550, te> get the 
thermal-value of 1 g. e>f coal. 

With bituminous coals, of which 0.5 g. is used, the elifference 
of temixrature recemlesl woulel have to lx' multiplied by 8100. 
Previously however 0.K5 degree has to he deducted for 0.5 g. e>f 
tartaric oriel anel 0.4 g. of irem at 700 ele‘grees. 

With anthracite the fe>lle>wing points have, to be observed: 
1.0 g. of jHTsulphate and 0.4 g. of iron effect an increase of 
temperature of 0.155elegree; on the e>ther hanel, 0.5 g. of tartaric 
aciei anel 0.4 g. of iron offend, as wo have seen above, an increase 
of 0.85. Hi nee only eme piece of iron is useel for ignition we have 
to deduct the corresfKmeiing increase of temperature anel we 
therefore have as ce>rrection for 0.5 g. tartaric acid, 1.0 g. of 
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persulphate and 0.4 g. of iron, O.Xo | 0. LV> O.OId 0.90 
degree. 

If the sodium peroxide is too moist, the results obtained are 
too high; in such a ease a second test is made with 0.f> g. of 
tartaric acid and about 7 g. of sodium peroxide. If now the 
temperature of the calorimeter increases more than 0.Nf> degree, 
this has to be considered in the main tost by deducting 0.If> 
degree for every 0.1 degree of observed additional increase. 
This correction however cun bo avoided if the peroxide is kept 
in air-tight cans of f>0 g. or 100 g. capacity. 

Care must be taken not to throw the mixture of coal and 
peroxide into water, as otherwise an explosion might take place. 
This is also the reason why the interior of the valve has to be 
kept absolutely dry. 

Parallel tests made by Lunge and Parr with Parr's calorimeter 
and Mahler's bomb gave the results shown in Table XXXV. 


TABLE XXXV. 

TESTS WITH PAIlirS (’ALOIUMETKIt. 







Thermal Value. 


Kind of Coal. 

Water. 

Ash. 

— •— 

-- 


Differ- 






Mah¬ 

ler. 

Birr. 

enee. 

Ruhr flaming 
coal ...... 

2 

0 

7 

1 

7085 

7088 

7703 

•7005 

* I 10 

Ruhr coal.. .. 

1 

3 

0 

0 

8059 

8075 


f” 10 

Anthracite,.. 

1 

5 

6 

7 

7981 

7907 | 
8013 j 

7000 


Coke. 

0 

6 

13 

0 

0040 

6649 j 
6726 1 

0087 

+ 47 

Welsh 

Anthracite.. 

2 

0 

4 

2 

8040 

8044 

7998 

8021 

2* 

English 
Anthracite,. 

2 

4 

4 

0 

8305 

8324 

8827 

8820 

:w 

Belgium 

Braisette. .. 

2. 

4 

10. 

7 

7409 

7378 

7409 1 

7304 

- 15 

Saar coal.... 

4. 

0 

11. 

7 

0504 

0034 


4*40 

Cardiff coal.. 

2. 

2 

7. 

2 

7872 

7930 


4* 04 

Saar coal.... 

3. 

5 

! 8. 

4 

7140 

7161 ) 
7207 j 

; 7184 

i 

Lignite 
Briquette... 

15. 

17 



6037 

5084) 
5008 1 

>6070 

1 i 

1 

4*30 


Addition*. 


0.000 g. Tartaric mud 

0,5 g, Tartaric acid 
1.000 g. Persulphate 

0.000 g. Tartaric add 
0.500 g. Tartaric acid 

0.600 g. Tartaric acid 

0,500 g. Tart, add + 
1.000 g* Persulphate 

0.500 g, Tartaric add 

0.500 g. Tartaric add 

0.500 g. Tartaric add 

0.500 g. Tartaric add 

No addition but 
L000 g. of coal first 

dried then burned 
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Tost-boiU'rs used for tli‘t.c*rmhiinf>; the thermal value' of fuels on 
a large wale tlifTer from ordinary boilers; t.lie he*at-losse's in com¬ 
mon boilers art' not, sullieient.ly uniform. Therefore' an especially 
constructed calorimeter-boiler has t.o Iks used (see- MuspraU). 

It- should lx* kept, in mind in all determinations of heating 
values that these values vary with the pressure and the. tem¬ 
perature at which the combustion take's place*. This is of 
importance, as we can hereby calculate the* the'rmal e'Hie*i<*noy of 
a filed under dilTe'ri'iit conditions, and in commiTcial work, whore 
e'ombustion takes place* at. constant pressure, the figure's eibtaine'd 
in tin* Ixtmb tconstant volume*) have' to be* e'orre'edod. These 
variations of the combustion heat are* base'll on the* wedl-known 
energy principle 1 : the sum of the energy-quant it ies accumulated 
in the* interior of a systi'in, whe*n the lat.te'r ediange's from one 
state to another, is e'xclusivedy dcpe'tident on the initial and 
final state and inde’pe'nelent of the intormi'diate state. In the 
sjH'eial case* wlie're* the initial anil the* final state are* alike* (enr¬ 
oll lar process), this sum is espial to naught. 

In the* following consideration the* he>at generated by the 
system anel elelivered outside aiul also the incre'ase of volume of 
the* system is taken as positive*. 

Helationx between combuxtion heat at constant volume and at 
eomtnnt i<rexxttre. The* combust ion he'at at e'onstant pressure is 
greater than at constant, volume*. If combustion take's place at 
0° (1. the* difference of the* two oombustion-he'ata is, in end., O.M 
time's the* contraction of molecular-volume which takes place in 
the combustion. 

If we burn a gas-mixture at constant pre*ssure we obtain a 
he*at quantity Q. At first the* volume of the* gas is increased by 
the h<*at, then it decrease's, while cooling e>fF to the starting tem- 
jH*rat.uro, to a volume which is smaller than the initial volume. 
The difference of volume's corresponds to the contraction effected 
by eIncrease of the nurnlx*r of nmleeules present during com¬ 
bustion. 

If we allow the combustion to take place in a e'ylindor (closed 
at one end, and fitted with an air-tight piston which can move 
up and elown without friction), we can lift this piston after com¬ 
bustion and wh(*n the gases have cooled elown to the initial 
temperature, so that the products of combustion occupy the 
original volume. The work exfiended thereby is APV . 
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If, however, the combustion takes place at. constant volume, 
the heat quantity q is generated. According to the above 
explanations we have 

q = Q- APV, 


or since 


we have 


A 


1 

428 


q — Q - 


PV 
428 ' 


If the system contains n niols we have according to Boyle-Gay- 
Lussac’s law, 

PV = nRT - n ^ T. 

If we substitute for 
T = 273, 

P # “ 10,333 kg. per sq. m., 

V 0 - 0.02242 eu. m., 

we have 

q-Q-n-^TA 

.. 1033 X 0.02242 X 273 

» (J — ft -•*—» .—• ~ — 

273 X 428 
*• Q — n 0.5411 cal. 

We can obtain the same value much easier by considering that 
we have for 1 mol of the gases 

M (c p - c v ) - 1.982 cal. 

and that the gas-equation referred to absolute temperature refits 
on the supposition that the gas laws are correct down to absolute 
zero and that the gases at this temperature occupy no volume. 
We have 

q - Q - APV 

- Q - M (c p - c„) T 
_ n 1.982 X 273 
" Q 1000 

- Q - 0.5411 cal. per mol. 
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This equation enables us to transform combustion heats obtained 
(in the bomb) with constant volume into combustion heat of 
constant pressure. Per mol. of the substance burned we have: 

TABLE XXXVI. 


Head ion. 

(’out rue- 

CombuKtion Honl 
at Constant 

(KOI! 



IL 1 O 11,0 . .. . 

CO ( O - CO, . 

in Mo Is. 

1.5 

Volumo. * 

68.2 

PrexHuri 1 

69.0 

0.5 

67.9 

68.2 

J (11, f CO) 1 O .. KILO ) CO,) . 

Oil, + 20, - CO, \ 211,0 . 

1 

68.0 

68.5 

1 2 

212.4 

213.5 

1 (2C a II, 1 ISO,) - 200., f 11,0 . , . 

1.5 

314.9 

315.7 


All these ealeulations refer to the case where water is formed 
in the combustion (upper heat value). For getting the lower 
heat value the latent, heat of evaporation of water (10.8 cal. per 
mol) has to lx 1 deducted. 

It follows also from equation pv ~ ItT that wherever 1 mol 
of a gas at any pressure, p, is generated or disappears, the 
external work pv RT »■ 1.9812 T cal. will be consumed or 
generated. For the average air-temperature of 18° C. this 
quantity of work therefore is 1.982 (278 | 18) ™ f>82 cal. In 
cases where, as in the bomb, the gases are actually generated or 
disappear, this phenomenon is taken into account by the com¬ 
bustion heat, which is measured directly. This, however, is not 
the ease in Parr’s calorimeter, since here no gaseous oxygen is 
originally present and since the products of combustion formed 
disappear again. The determination of carbon is here not 
affected, tin* formation of (•(), taking place without change of 
volume. It is different with hydrogen, since a contraction 
takes place during its combustion, but not in Parr’s calorimeter. 
Therefore this calorimeter does not give the combustion heat 
at constant volume, but at constant pressure, which accounts for 
the fact that the results found with Parr’s calorimeter are higher 
than the results found with the bomb. 

The following law can be derived directly from the energy 
principle above mentioned: 

The heat generated in a direct reaction is the sum of all 
heat quantities that are generated, provided that from a given 
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initial state the final state is reached by various consecutive 
reactions. 

This law can be used for calculating reaction heats that cannot 
be measured directly, for instance, the heat of formation of 
carbon-monoxide: 


C + 0, = C0 2 generated. q - 94.3 cal. 

C + 0 - GO generated. ( h ' - r cal. 

GO + 0 - CO, generated. q 3 -• 08.2 cal. 


We have according to our law, 


Therefore 


<7 - <h + <h- 


<k " <1 ~ <h 

- 94.3 - 08.2 - 20.1 cal. 


By this method the heat of formation of all organic compounds 
is calculated by deducting from their combustion-heats the heat 
of the elementary components, for instance: 

C + H 4 + 2 O, - CO, + 2 H,0? - 94.3 + 2 X 09.0 - 232.3 cal. 

C + H 4 - CH 4 - x cal. 

CH 4 (-2 0, - CO, + 2 H,0& - 213.5 cal. 

<h 

- 232.3 - 213.5 - 18.8 cal. 


Vice versa we can calculate from the heats of formation of 
organic compounds (which are found in the thermo-chemical 
tables) their heats of combustion, for instance;: 

C,(Diamond) + H,-C,H 4 q~- 58.1 cal. 

2 C, + 2 O, - 2 CO, q , - +188.0 cal.) or7 .. 

H, + O “*H,0 (liquid) q t -» + 09.0 cal.) ° 

C,H, + 50 -2 CO, + H,0 (liquid) q t - x 

q,’ m q l + q 3 - q 

“•188.0 + 09.0 — (— 53.1) ^ 315.7 cal. 

Relations between combustion heat and combustion tem¬ 
perature. The combustion heat changes with the temperature. 
The change depends on the fact whether the difference of specific 
heats of the system before and after combustion is positive or 
negative. We will show this by an example: 
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We will calculate the combustion heat of hydrogen at 1000° C., 
supposing that the water formed remains in form of steam. We 
have then at 15° C.: 

II, + O - H,0 (steam) .. . - + <>9.0 - 10.8 = + 5S.2 cal. 

If we burn the hydrogen at lf)° C. and heat the steam formed to 
1000 degrees, we have: 

..looo 

q a - f cdt » 58.2 - 11.0 

•'15 

- 47.2 cal. 


If we heat hydrogen and oxygen to 1000 degrees and then bum 
them at this temperature, we have 

y»KK) 

/ (c, + <‘i) dt + q mo - - (7.5 + 4.7) + q um 

^ 15 

11.2 + ? 100 0 

and from this: 

J ulOOO 

(c - c x -c 2 ) dt - 58.4 cal. 

15 


In this case the difference is small, in others much greater. 
We have, for instance, for CO 4- O = (X) 2 , 


,•1000 

r/ l5 - l cdt — 08.2 ~ 12,4 


/• 

•'us 


and therefore 


- 55.8 cal. 

J „1000 

Ct 4" Cj) dl -h (how *“ ?iooo 11-1, 
is 

q im - W >.9 cal. 


If we indicate the heat-capacities of the system in the initial 
and final state by c, and c„ we can express this (Kirchhoff’s) 
law by the general formula: 

q h - ft + (c, + c„) (f, - 0- 



CHAPTER V. 


INDIRECT METHODS FOR DETERMINING THE COMBUS¬ 
TION HEAT. 

(a) Calculation of the, thermal, value from the elementary 
analysis. The fuels used in the industries are mixtures of 
different, not entirely known, ehemieal compounds. As these 
compounds have different thermal values it is evident that the 
calculation of the thermal value from the elementary analysis 
does not yield exact results. Furthermore the making of an 
elementary analysis is more complicated and more tedious than 
the combustion in a bomb, the difficulty of getting a g<x>d average* 
sample being the same in both eases. 

For certain fuels, however, by using the projjer empirical 
formula a result can be obtained that is sufficiently gocxl for 
many practical purposes. 

For bituminous coal the following formula is used (I)ulong): 

8080C + 34(100 (H - JO) 

*'. 100 

while for lignite, peat and wood, the formula 

8080 C +• 20033 II, 037 (VV + W,) 

q “ .. ioo. 

is used. 

In these equations 
C is the per cent of carbon; 

H, the per cent of hydrogen; 

O, the per cent of oxygen, and 

H„ the per cent of disposable hydrogen (H, II - JO). 

W means the per cent of chemically combined water (W « | O). 
W, means the per cent of hygroscopic water. 

Noth. —Every coal —even dry coal — contain* carbon, oxygen and nitro¬ 
gen. It was formerly thought that the O with a part of H was present 
as chemically combined water. The excess of H was called ‘‘disposable 
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8080 means the combustion heat of carbon (Favrc and Silbcr- 
mann). 

34,(500 means the combustion heat of hydrogen to water. 

29,088 means the combustion heat of hydrogen to steam. 

087 means the. heat of evaporation of water. 

If a coal contains combustible sulphur, i.e. sulphur in other 
form than sulphate, some heat in the combustion is also generated 
by the sulphur, which is taken into consideration by adding to 
the above formula the product of the percentage sulphur 8 by 

W «al. 

(b) Bcrthier’s method for determining the thermal value. 
Berthicr’s method is based on the determination of the oxygen- 
quantity required for the complete combustion of the fuel and 
on Welter’s law, the incorrectness of which was proven long ago. 
This method however is still in use on account of its extraordinary 
simplicity. Welter supposed that, by burning a certain and 
constant quantity of oxygen with any other element, always the 
same amount of heat would be generated. This however is not 
the case, since 1 kg. of oxygen in combination with the following 
substances generates the following amounts of heat: 


Carbon to carbon dioxide. 3030 cal. 

Hydrogen to water. 4272 cal. 

Hydrogen to steam. 4192 cal. 


As Berthier’s calculation is based on the quantity of heat 
corresponding to the combustion of carbon to carbon dioxide by 
means of oxygen, it is evident that the results 
will generally be; too low and the lower the 
more disposable hydrogen is contained in the 
fuel. Borthier proceeded as follows: 1 g. (of 
graphite 0.5 g.) of the finely ground fuel 
1 f -*"' I is weighed exactly and mixed with sifted 
litharge, which is free of metallic particles. 
The mixture is put into a test-cup (Fig. 29), 
covered with from 20 to 25 g. of litharge, care¬ 
fully put into a red-hot muffle-furnace, covered 
Fio. 2«. —"iwtWor'M and quickly heated to red-glow; in from 
(!«h! Twtw. three-fourths to one hour the operation is 
finished and the litharge according to the fuel quantity reduced, 
by oxidizing the fuel: 

2 PbO + C - 2 Pb + CO,. 
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From the weight of the metallic lead obtained, the quantity of 
oxygen combined with the fuel can be calculated. The test-cup 
is now removed from the muffle, shaken up several times to 
combine the small lead-particles, that may be distributed through 
the litharge, with the main load mass and allowed to cool. The 
cup is now broken, the piece of lead brushed clean, and the 
litharge examined for particles of lead. 

In calculating the thermal value, the hydrogen present is 
not taken into consideration, i.e. it is assumed that only the 
oxygen has combined with carbon. Since 1 kg. carbon re¬ 
duces about 34 kg. of lead and yields by combustion 8080 
cal., the weight of the lead obtained is simply divided by 
34 multiplied by 8080 for getting the absolute thermal 
value of the fuel in question. Sulphur would have to l>e 
determined separately and taken into consideration as explained 
above. 

Various modifications of Berthier’s test were recommended. 
Forchhammer suggested the use of oxychloride of lead in place 
of litharge. Munroe uses instead of the test-cup a gas-pipe 
provided with a plug at one end, while Strohmeyer oxidizes the 
fuel by means of cupric, oxide, treating the residuum with hydro¬ 
chloric acid and ferric chloride and determining the ferrous 
chloride formed by titration. 

(c) Other empirical methods for deter mini ruj the fuel mine. An 
important advance is the empirical formula of I)r. Otto Omdin, 
based upon a few simple operations, which gives very much 
better results than Berthier’s process. 

Gmelin assumed that the coals are mixtures of various chem¬ 
ical compounds, which compounds differ from each other not 
only chemically, but also physically. He selected such a physical 
property, the ability of retaining hygroscopic water and based 
his empirical formula upon this property: 

q - [100 - (H,0 + “ash”)]80- 0 (6 H,0), 

in which equation HjO means the hygroscopic water, “ash, ” the 
ash-content of the fuel in per cent and G a coefficient which 
changes with the moisture of the coal and has the following 
values: 
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Hygroscopic, water below 3 per cent. V - - 4 

Hygroscopic water between 3 and 4 J> per cent. . (■ =- + (i 

Hygroscopic water between 4.f) and S.O percent (/ - + 12 

Hygroscopic water between 8.f> and 12.0 ]>er cent C - + 10 
Hygroscopic water between 12 and 20 per cent. C - + 3 

Hygroscopic water between 20 and 2S per cent. C - + (i 

Hygroscopic water over 2<S per cent. C =- + 4 

Severn years later the author tru'd to utilize more simple 
properties that would be more independent of accidental circum¬ 
stances than the moisture, and also be related to the chemical 
composition and therefore to the combustion-heat of the fuels. 
He selected the behavior of fuels in dry distillation and the 
determination of the oxygen required for complete combustion. 
He proceeds as follows: 

About 1 g. of the finely powdered fuel is weighed in a platinum- 
crucible and —* after determining the moisture W by drying 
at 100° 0. -- is heated (observing ordinary precautions) until 
combustible gases art' given off. The loss of weight in per cent 
represents the. gas-yield (1. The residuum P per cent is now 
completely burned in the open, inclined crucible whereby the 
ash content A and the fixed carlxm or coke-carbon K is found. 
The latter however always contains negligible quantities of 
oxygen, hydrogen and nitrogen. 

The quantity of oxygen required <S* is most conveniently 
determined with alxmt f> g. of fuel by Berthier’s method. 

The quantity of oxygen required for burning the fixed' carbon 
is found by the following equation: 






The oxygen for completely burning the gaseous products of 
distillation is: 

O 

o n cy ° t.* 

g ** O — Ofc “ O —A. 

<5 


The combustion heat of the fixed carbon was (as average) 
empirically determined as 7030 cal. per 1 kg. of carbon, while 
the combustion heat of the gaseous products of distillation varies 
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according to the quality of coal and composition of the gases of 
distillation. 

The nature of a fuel is indicated by the ratio (weight.) of 


gaseous products of distillation and fixed carbon 



uul ('veil 


more so by the ratio of the oxygen required for the volatile 


matter to the oxygen required for tin* fixed carbon 



The 


latter ratio is used empirically for determining the thermal- 
value of a fuel by means of the equation: 


<1 


7(i.30 K 


f V. 


R 


a 


100 


wherein O' is a coefficient, the value of which depends on the 
quality of the fuel (wood, peat, lignite, coal) and the ratio 


TABLE XXXVII. 


RATIO OK Hg TO Sjfc. 



ViiUiuh of C for 


£<L. 





Wood and 

Pout. 

Litfnitf. 

Bitutu 

ctMii, 

0.25 


5500 

5600 

0.50 

4930 

4800 

MOC! 

LOO 

4830 

3420 

3250 

1.50 

4750 

3350 

8225 

2.00 

4060 

3350 

3210 

2.50 

4570 

3300 

8200 

3.00 

4470 

3370 

3180 

3.50 

4300 


3170 

4.00 

4255 

3500 

3150 

4.50 

4150 


3140 

5.00 

4045 

1 ’3700’ 

3130 

5.50 

3940 


8120 

0.00 

3830 

3950 

3100 

0.50 



3010 

7.00 



3070 

7.50 



3000 

8.00 



3050 


In order to make the formula independent, of the kind of find 
and to base the calculation of the thermal value entirely upon 
the content of moisture, ash, gas, fixed carbon and oxygen 
required for combustion, the different fuels were divided into 






MKT HODS Foil DF.T COM ItCSTlO.S HKAT lift 


four groups according to their ability to give off gas when dry 
and free of ash and the value of V, calculated for each of the 


groups according to the different value's of 




The following 


table by means of which the thermal value can be determined 
without any knowledge' e>f the ({uality e>f the fuel — is easily 
uneU'rsteKtel. 


TAULK XXXVIII. 


I>ATA eon DKTKHMININei TlIKItMAI, VAMIKH. 


(iirntT 

I 

11 

III 

IV 

Uiw Kivtit off 
by itw Ku«4 
(dry imd 

« :»»% 

33 47,5% 

47,5 75% 

76- 100% 

fr«* nf umI») 





>% 


Vttltiw of (ho CoMflck'nt (\ 


*%■ 





0.10 

4900 




0. IIS 

4650 

5100 



0,20 

4230 

4800 



0,25 

3960 

4500 

5250 


0.30 

3730 

4220 

4900 


0 35 

3640 

4010 

4600 


0 40 

33X0 

38S0 

4350 


0 45 

3260 

3710 

4170 


0,50 

3160 ! 

3600 

4020 


0,54 

3 OH 6 

3512 

3932 


0,55 

3070 | 

3490 

3910 


0,60 

3000 j 

3400 

3820 


0,70 

2900 

3280 

3690 

'5050* 

0 HO 

2850 ! 

3210 

3600 

4815 

0,00 

2850 ! 

3166 

3558 

4619 

LOO 

2850 | 

3130 

3550 

4480 

L6 


2956 

3560 

4230 

2,0 



3550 

4170 

2,6 | 




4120 

3 0 ! 




4070 

3.6 i 




4020 

4,0 




3970 

4,6 




3920 

5,0 




3870 

6 5 




3820 

6,0 ; 

• 



3770 


The following empirical formulas have since, been proposed: 
By G. Arth: 

34,1500 (II ~ | 0) b 8080 C + 21625 
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By E. Goutal (a modification of Jiiptner’s formula): 
q - 8150 C + AM. 

M is the quantity of volatile matter, A a coefficient the value 
of which is: 

Volatile substances = 2 to 15 per cent. ... A — 18,000 

Volatile substances = 15 to 80 per cent.... A = 10,000 

Volatile substances = 80 to 85 per cent. ... A - - 9500 

Volatile substances = 35 to 40 per cent .... A =- 9000 

The international union of the steam-boiler-inspection societies 
has adopted the following formula: 

q - [8000 C + 2900 f^H - j?) 4- 2500 S - IKK) 

in which W means the quantity of hygroscopic water. The 
differences against direct calorimetric, determinations are (L. 0. 
Wolff): 

For bituminous coal. ± 2 per cent 

For lignite. ± 5 per cent 

For peat. ± 8 per cent 

For cellulose. - 7.9 per cent 

For wood. ± 12 per cent 

By D. Mendelecff: q = 81 C + 800 II - 20 {() - S). 

D. de Pacpe has substituted for the value M in Cloutal’s 

, , , ■ 100 Af 

formula the expression — • 

Suggestions for XjErsons. 

Practice in handling various combustion-calorimeters; deter¬ 
mination of water-value and error-limit. 

Comparative determination of the combustion heat by different 
methods. 

Calculation of combustion heat at constant pressure from the 
combustion heat at constant volume and vice verm. 

Calculation of combustion heats for given combustion tem¬ 
peratures. 









CHAPTER Vr. 


INCOMPLETE COMBUSTION. 

Tui'i complete combustion of the fuels used in the industries 
yields carbon dioxide and water. The chemical composition of 
the fuel being known, the quantity of oxygen theoretically 
required for complete combustion is easily calculated. This 
quantity is called the theoretical quantity of oiyyen necessary for 
complete combustion. The average composition of dry air, free 
of carbon dioxide, being 

Oxygen. 21 per cent vol. 23 per cent weight 

Nitrogen. 79 per cent vol. 77 per cent weight 

it is a simple matter to calculate the theoretical quantity of air 
required for complete combustion. 

(In many cases it is sufficient to calculate approximately and to assume 
the com position of air: 20 per cent, vol. 0 and 80 per cent vol N.) The 
CO* content of the air varies from 0.04 to 0.00 per cent. In densely inhab¬ 
ited buildings it can go as high as 0.5 and even 0.9 per cent vol. The 
quantity of moisture in the air varies considerably. Air saturated with 
moisture contains per 1 cu.m. 


Degrees D 

K. 

Dtfmn C, 

g. H f O. 

-10 

2.284 

+ 25 

22.848 


0 

4,871 

+ 30 

30.095 


+ 5 

6.795 

+ 35 

39.252 


+ 10 

0.362 

+ 40 

50.700 


+ 15 
+ 20 

12.746 

17.157 

+ 100 

588.730 





The moisture of the air Is generally below saturation and above fa the 
quantity required for saturation. 

In heating tests the moisture of the air has to be determined by means 
of a hygrometer or psych rometer. 

In practice, however, this theoretical quantity of air is not 
sufficient for complete combustion and therefore an excess of air 
has to be used. 
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The reason for this is the difficult and incomplete mixture of 
the gases to be burned with the combustion air and the occurrence 
of incomplete reactions. 

The incomplete combustion can therefore furnish various 
products, as follows: 


C + 0 
C 2 H, + 0, 


CO, or 
ICO,* hC 
2 C0 2 4- 2 H„ or 
;2 CO + 2 11,0 


(CO + CH 4 , or 

C 2 H 4 + 0 CO + C + 2 H„ or 
lC 2 H 2 4 H 2 0, etc. 


The number of different reactions that can take place simul¬ 
taneously and in parallel is frequently very great. The number 
of reactions and the quantity of products depend on the pre¬ 
vailing conditions. 

In all these cases we speak of a chemical equilibrium which 
depends on the so-called equilibrium-conditions. Such condi¬ 
tions are: Temperature, pressure, electric state and the mutual 
relation of the elementary components present, i.e. the concen¬ 
tration. By a change of the conditions, the states of equilibrium 
is changed as follows (Henry Le Chatelier): 

Any change in an equilibrium factor causes a change in the 
system which is directly opposite to the change in the factor. 

This law is best explained by an example: 

1. Any increase of temperature causes a change, which tends 
to decrease the temperature of the system and mm verm. 
Example: 

(a) Dissociation: 

C0 2 -CO + O - 08.2cal. 

H,0 -+H, + O -- 58.2 cal. 


In both reactions heat is absorbed and therefore both are 
caused or facilitated by increase of temperature. 

The reaction 

2 CO —*■C 4- CO, + 42.0 cal. 

in which heat is liberated, is facilitated by decrease of tem¬ 
perature. Carbon monoxide is therefore more stable at high 
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than at low temperatures. In the presence of platinum, iron or 
especially nickel in fine, spongy form this reaction takes place 
completely at about 300° 0. 

{!>) Incomplete reactions: 

00, •) II, ~>(X) + H,0 - local. 

<UI 4 4 (!() 0,11, H,0 - 39 cal. 

In lx)th reactions absorption of heat takes place; they are 
therefore caused and facilitated by increase, of temperature. 
At low temperature more CO, + II,, or OII 4 + 00; at high 
temperature more CO f 11,0 or 0,11, + ILO, will bo present. 

The reaction 

CO + H,0 CO, + H,0 + 10 cal. 

will naturally lie facilitated by lowering the temperature. 

2. Any increase of outside pressure causes a change of equi¬ 
librium, by which the pressure is decreased and vice versa. 
Examples: 

(а) Dissociation: 

2 00 * -200 + 0 , 

2 H,0 —► 2 H, + 0,. 

By the dissociation of CO, or II,0 the volume, or (at constant 
volume) the pressure is increased 50 per cent. The dissociation 
will therefore increase with decreasing pressure and decrease 
with increasing pressure. 

(б) Incomplete reactions: 

C,H, + H, -* CH 4 + C. 

The volume of solid carbon, which is exceedingly small, need 
not l>e considered. The volume, however (or at constant 
volume the pressure), of the CII 4 formed is only half o f the volume 
of the original mixture of C,II, and H,. The reaction is th ere¬ 
fore facilitated by increasing the pressu re. This is proven by 
exposion in closed vessels, whereby the quantity of CH 4 and C 
increases with the pressure. 

The equilibrium 

CO + II,0 CO, + H, 

is (if Idle water is in form of steam) independent of the pressure, 
as we have on both sides the same volume and therefore also the 
same pressure. 
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The reaction 

2 00 - C + (X), 

is decreased by decreasing the pressure because the volume and 
therefore also the pressure of 0() 3 is only half that of 2 (■(). 

3. Any increase in concentration of a substance in a system 
causes a change in the state of equilibrium, in which a certain 
quantity of this substance is removed and rice r<rm (mass- 
action). The quantitative expression for the relations between 
chemical equilibrium and equilibrium-conditions is different if 
the equilibrium at a certain temperature or the equilibrium at 
any temperature is considered. In the first cast', i.e. for the 
isothermic equilibrium, the law of mass-action; in the second, 
general case, van’t Hoff’s or Le Ohatelicr’s equation has to bo 
applied. 

For gas-mixtures the latter equation is preferable as the 
numerical concentration results directly from the volumetric 
composition of the gases. 

We want to consider now an example of great importance in 
the industries. 


Dissociation op Carbon Dioxide. 

At high temperature carbon dioxide is deoonqjosed according 
to the equation: 

(X) 2 (X) h J «),). 

Le Chatelier’s equation in general form is: 

1 pQ dT 

R J ~Y*~~ + IP + ^ nj. (\ - * constant. 

In this equation Q T stands for the total heat of reaction (sum 
of heat generated and external work performed by the reaction, 
both expressed in cal.) at the temperature T, P is the pressure 
of the system, N" and N' the numtier of molecules on the right 
and left side of the equation, n, and n 3 the number of molecules, 
and C 2 the concentrations of the different substances taking 
part in the reaction, index 1 meaning the initial system, and 2 the 
final system. 
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If we use the common instead of the natural logarithms and 
if we make ,, />(K), we can write our equation: 


It 

500 J KT fp 2.:i02(; (N" N') log /' I 2.;«)2(i (%n a 

~ X rt i ( ’tj constant. 

N" N' L.f> - 1 


1<>K C, 


therefore 

r*\ 


^ ^ (C \ (P \ 4 

2i» a l«g X M I lo ^ f, ‘ ’ lu « K : ll, K • ^ ■ 

If we make the total concentration of the Systran after the 
establishment of equilibrium 1, we have 


C I 0 4- 0 

v <?«# 1 N co * v m 


i. 


(i) 


Assuming that no surplus-oxygen is present, we conclude 
from the reaction equation: 


(! K l o 

' <>a 2 v a 


( 2 ) 


We call x the ratio between the dissociated carbon dioxide, 
(i.c. the earlxm monoxide formed) and the (piantity of C0 3 
that would be present if no dissociation had taken place, i.e. 
C re +• the coefficient of dissociation, and we have 


0 

' Co 

(' } c 

% '«» < v cm 


( 3 ) 


There can be deduced from (1) and (2) the following equations: 


* GO f 

'OOg 

and therefore 


+ K’, 


1 


Can. ’ 1 i C m 


Ca. 


l - + C«, 1 - 1 c n 
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from this 


x - r> C,.„ - C«> 


X A I X 


c - l _ i 2r . 

*« (2 i- x) a + x) 

By substituting those throe values, we have 
,, (CJ(CJ* 


log K ~ log 


(C,J (1 - < 2 -f 


For finding the constant the following olwervations of Henry 
Sainte-Claire-Deville are use<l: 

P *=» 1 at. 

T ~ .*1000 1 273 ■ .*127,* 1. 
x « 0.40. 

If we assume (in accordance with I/ 1 ('hatelier) the total heat 
of reaction of the reaction CO f 0 -♦ C() 3 to lx* independent of 
temperature, and taking Q - 08.2 cal., wo have 


/ 7iQ 2 fiJ 1 

~~ + 1.1513 log P f 2.3020 log 
— Constant; 


(1 - x) (2 + ij* 


or as for P * 1 at., log P - 0. 

Constant—* l, ^f 2 + 2.302«l„ K -Mt . . „ 

3273 * 0.6 (2.4)* 

therefore 

+ 1.1513 log P + 2.3026 log K - - 11.7194 


11.7192; 


logic - (_ - n.7192 -i.ua* to* 

- 5.0895 - 0.5 log P. 


14809 
‘ T 



IWOMPLUrti comhustiox 


128 


From this he (/hatcher has calculated the values of x given in 
Table XXXIX. 


TABLE XXXIX. 

COKKKIOIKNTS OK DISSOCIATION. 

(L<* (-liul.olier). 


TenijM'mtun* 


PivHHun* in Atmospheres, 


I )<*# rt*es (\ 


- 




- 


0.001 

0.01 

0 . 1 

l 

10 

100 

1000 

0.007 

0.003 

0.0013 

0.0006 

0.0003 

0.00015 

1500 

0.07 

0.035 

0.017 

0.008 

0.004 

0.002 

2000 

0.40 

0.125 

0.08 

0.04 

0.03 

0.025 

2500 

0.81 

0.60 

0.40 

0.19 

0.09 

0.04 

3000 

0.94 

0.80 

0.60 

0.40 

0.21 

0.10 

3500 

0.96 

0.85 

0.70 

0.53 

0.32 

0.15 

4000 

0.97 

0.00 

0.80 

0.63 

0.45 

0.25 


The results of these calculations agree with the observations 
made at lf>00° 0. on the density of carbon dioxide. 

If we keep in mind that it is the partial pressure of carbon 
dioxide that is dealt with hem, we can make from the above 
table the following conclusions, which are of importance in 
practice: 

1. *S 'melting furnace*. In smelting furnaces the maximum 
temperature reached is 2000° 0., and the maximum partial 
pressure of carbon dioxide is about 0.2 at. There is therefore 
about f> per cent of the latter dissociated, which decreases the 
capacity of the furnace to a small extent (maximum but 
generally much less on account of the excess of air used, which 
diminishes the dissociation of carbon dioxide). 

2. Illuminating flame*. The luminous flame-zone, in which 
the separated earlxm is burned, seems to have in ordinary 
flames a temperature of about 2000° 0.; in regenerative-burners 
the tem{K‘rature is higher. On account of the high percentage 
of hydrogen in illuminants, the CO a — partial — pressure falls 
l>elow 0.1 at. Therefore the dissociation can go above 10 per 
cent, the flame-temperature decreasing accordingly. The illu¬ 
minating power, which increases much faster than the temper¬ 
ature, decreases to a much larger extent, which shows that the 
dissociation is an important factor in illuminating flames. 
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3. Explodvex. Their combustion-temperature is in most 
cases below 2500° (’. and always below 3000° As the pressure 
of carbon dioxide herein goes into thousands of atmospheres, 
the dissociation does not have to lx* considered. 

On account of the very high pressures, in using the equili¬ 
brium equations for explosives, the law of Boyle-day-Lussac 
(PV = nltT) must not be used; it is necessary to introduce into 
the equation a constant b : 

P (V b) - nltT. 


Similar conditions prevail in the dissociation of water. As 
we have seen above, we have (if no excess of oxygen is present): 


and 


C 


a. 


c, 


0()2 


2 x 

— > quantity of oxygen 

2 t x 

X 

’ 2 + x 

X 

X 

2 + x 

~ 2 1 x 

2(1 x ) 

^ 2(1 x ) 

2 + x 

2 1 x 

Hum 

2 

2 t- x 


If we have (n + 1) times the quantity of oxygen, the equation 
for the reaction reads as follows: 

C0 2 + (n) () s - CO + (n + J) 0, 

and we have, after the equilibrium has been established, 
xf molx CO 
(1 - xf) ntols C0 t 

^ | ii ^ tools O, 

2)™ I + f + » mola 
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and therefore 


l ) 


, , y , 2 + xf + 2 n 

1 + - I- n 


C. 


xf 


1 I- - + n 


x' -f 2 n 
2 -f x' + 2 n 


C, 


1 - if 2 (1 - xf) 

'* ", xf ' "* 2 + xf + 2 n 
l +• — + n 


Therefore 


2 xf / x' + 2 n \l 

2 + xf +2 n \2 T xf + 2 n ) 

2d- /) _ 

2 + x' I 2 n 

/ x' | 2 n. \i 

\2 f- x' -I 2 n) x'* 4 xf (2rj) 4 

l . if . " (1 - S) (2 -raTi-Twl 1 ’ 




As K necessarily has the same value as in the* former case, 
we can say: 


x 1 xf* I xf (2n) i 

(l - x) (2. f .rj* ” 0"“i?)T2 T *' -I 2 n) 4 ‘ 


If we had used twice the theoretical amount of oxygen, n 
would have Imh'.o equal to one (n 1) and we would have 

x» x'* 4- xf V t 2 _ xf* + xf s/2 __ 

(1 -- x) (2 H x) 4 ' (I ’ xf) (2 [ xf (■ 2) 4 ” (1 - j/)'( 4+y) 4 

/* t 1.4142 x' 

" (1 " xO (4'+*')*’ 
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Wo found (hoc above) x O.Od for 00 2 at. 2000° (\ and 0.2 at 
partial pressure. Substituting this value', wo got: 


().()f > 3 

O.tld (2.0'0 3 


0.00005)2 


y > I 1.1112.r' 

(I x') (1 I .(•') s ' 


an equation from which x' can easily be calculated. We see at. 
a glance that xf is smaller than x. 
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COMBUSTION-TEMPERATURE. 

Thk maximum temperature that a fuel could produce if 
burned completely, without any lows of heat, with the theoretical 
quantity of air, we call pyrometric heating-effect. It is gener¬ 
ally calculated from the equation: 



wherein q stands for the quantity of heat generated by com¬ 
bustion, and c and p for the specific heat and the quantity of 
components contained in the products of combustion respec¬ 
tively. This temperature however can never be attained in 
Vpractice. 

The temperatures of industrial fires and fire-places depend on: 

1. The quantity of heat furnished by the fuel, which consists of 

(a) The heat of combustion proper and 
< (6) The heat previously stored, i.e. the heat-content of 

the. substances used. 

2. The heat carried away by the products of combustion 
which may be latent (for instance, (X) leaving a blast-furnace). 

d. The heat lost, by radiation. 

4. The heat generated or absorbed by the substances to be 
treated. 

The “quantity of heat used for forming and expanding the 
gases generated in the fire. 

There is a relation between all these quantities, which can be 
deduced from the. principle of conservation of energy. 

Proceeding from the fuel, air and substances to be worked, in. 
the first stage, the sum of all heat-quantities introduced into or 
generated in the fire, is independent of the order in which the 
transformations take place, depending only on the first and Just 

stave. 
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Wo therefore can say that the quantity of heat introduced 
into the furnace is equal to the quantity taken out. of the furnace. 

The heat introduced into or generated in the furnace equals 
the heat taken from the furnace. 

These quantities of heat consist of: 

1. Heat introduced into the furnace 1 by fuel, air and sub¬ 
stances to be worked (by their own temperature). 

2. Heat of combustion. 

8. Heat of reaction of the substance's to be worked. 

4. Heat content of the combustion case's. 

5. Heat content of the finished products. 

(>. Loss of heat by radiation. 

Since the absolute; heat-content of the sul(stances as they 
enter or as they leave the furnace cannot be determined, we have; 
to be satisfied with a relative determination generally referred 
to a certain normal condition, which serves as a base for the cal¬ 
culations. As such the temperature of melting ice is generally 
used. 

Let us imagine an ideal furnace which perfectly insulates the 
heat and in which no working products an* present. If we 
introduce into this furnace fuel and air of a certain tem|>erature 
(say 0° 0.), allow combustion of same and then cool the com¬ 
bustion gases to the initial temperature (()"('.), we have the 
('filiation: 

Heat of combustion - Heat of cooling, 

A. The heat of combustion is a known quantity. The heat 
of cooling is the difference of the heat-content of the combustion 
products at the temperature at which they leave the furnace 
and at the starting temperature (hen; 0° 0.), to which we imagine 
them cooled again in the end. In our ideal furnace, the heats 
of combustion and of cooling are equal. The products of com¬ 
bustion leave the furnace at the combustion temjierature, which, 
as we will see, is easily calculated. 

The heat content is equal to the weight of the combustion prod¬ 
ucts multiplied by their specific heat and their temperature. If 
-we use the absolute temperature, we obtain the total heat con¬ 
tent; if we use the temperature in centigrade we obtain the heat- 
quantity, by which the substance in question is richer than at 
0°C. 
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1 x * 

j ,Mn calculating the pyromotrie heating effect, formerly the* 
3 ' specific, heat was taken as constant, i.e. independent of tem- 
p(Tatur<‘. 'rho following are the, figures used: 


TABUO XL 

.SPKCIKIC 1IMAT OP (1AHMS AND VAPORS AT CONSTANT PRIOSSURP 
(Roforroil lo Unit Woiglil.) 


Nium\ 

Interval 
of Tom* 

Spoof lio 

Obsorvor. 


poraturo. 

I lent.. 

Air 

1 >oktoon. 

()~1()0 

0.23741 

Renault 

Air .. 

0--200 

0.23751 

Oxygon ....... 

13—207 

0.21751 

“ 

Nitrogen , . 

0 -200 

0.2438 • 

“ 

Hydrogen , . . 

12—198 

3.4090 


( -arbon monoxide . , . 

2 3— 09 

0.2425 

Wiedemann 

Carbon monoxide . . 

28—198 

! 0.2420 

Carbon dioxide . . 

15-100 

0.20240 

Renault 

a 

( -arbon dioxide 

11-214 

0.21092 

Water Vapor . 

128—217 

0.48051 

u 

Methane 

18—208 

0.59295 

n 

Kfhylerie 

24 100 

0.3880 

Wiedemann 


By means of these figures tin* temperature of combustion of 
carlxm in pure oxygon is calculates 1 ns follows: 


t 


SOSO 

:t(>(>7 X 0/217 


10201 ° 0 * 


The eotnbustion of coal in the* theoretical amount of air should 


give: 


SOSO 

3.H07 xTh217 f 8.929“ x"(h244 


2710°(If 


while, the combustion of carbon with double the volume of air 
would yield % 


SOSO 

;tf»07 X 0.217 (■ S.929 X 0.244 f'lL.'iirx 023iF 
SOSO 

0.702 | 2.170 f 2.700 


410° 0. 


* By the combustion of 1 kg. carbon to (■() 3 8080 cal. are generated; 
8.007 kg. (X), an* thereby formed, having a specific heat of 0,217. 

t 8.929 kg. nitrogen arc present in the air of combustion besides 2.007 kg. 
oxygen. 

% 11.690 kg. is the weight of tho surplus air. 
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TABLE XLI. 

COMBUSTION DATA ON VARIOUS UNITS. 


Combustion of 


Combuxticm TomiKTaturv in 
Dt'Km’M <\ 


Combus¬ 
tion Heat 
in Cal. 


With Run' 

Oxygon. 


With th«» 
mrcHsary 
air Volume*, 


With 

double tin* 
atr Volume*. 


Hydrogen to steam. 

Carbon (amorphous) to carbon 

dioxide.. 

Carbon (amorphous) to carbon 

monoxide. 

Wood dried at 120°.. . 

Wood ordinary with 20 per cent 

hygroscopic water. 

Coke..... 

Illuminating gas. 

Methane OIL to (XL and ILO 
Ethylene 0 8 H 4 to CO, and II 3 0 . 
Carbon monoxide (X) to (X) 2 . 
Water gas CO + FL to (XL f II./) 
Benzole 0 n II 8 to (X) a and fl a ().. . 


Of i unit * 
(weight) 


28/80 


I 

6670 


8080 


10201 


2400 

3600 


2760 

6860 


Of I Liter 


6.0 

7500 

Of I Mol. 


101930 

7160 

313200 

8620 

68370 

7180 

125930 

6040 

773400 



I 

2666 


2710 

1400 

2500 

1000 

2400 

2530 

2440 

2750 

3040 

2860 

2700 


1 )<*gr<*<*K 


1410 

1300 

1100 

1340 


If the combustion of fuel and air takes place at any other 
temperature than 0 degrees, proper allowances must fie made. 
If we had to burn, for instance, 1 kg. of hydrogen of .W V. with 
exactly the theoretical amount of dry air of 20° 0., the quantity 
of heat available after combustion is figured as follows: 


1 kg. of hydrogen of , r >()°C. contains 1 x 3.4(H) 
X 50. 

170.46 

mh 

8 kg. of oxygen of 20° V. contain 8 x 0.217 
X 20. 

34.88 

cal. 

26.64 kg. of nitrogen (which are present in the 
combustion-air besides the oxygen) of 
20degrees contain 26.64 X 0.244 X 20.. 

05.00 

cal. 

Sum of the heat supplied before combustion.. 

» 270,33 

cal. 

The combustion of 1 kg. of hydrogen to steam 
yields. 

28,780.00 

cal. 


Heat quantity available after combustion_ < 29,050.33 cat 
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On the other hand the heat capacity of the combustion pro¬ 
ducts is: 


Steam (1 I- 8) X 0.1805 
Nitrogen 20.01 x 0.211. 
Total. 


The temperature of combustion therefore is: 


20,050.33 

10.825 


20X3° ('. 


•1.325 cal. 
0.500 cal. 
10.825 cal. 


If the temperature ol hydrogen and air before combustion 
had been 0°(',, the temperature of combustion (according to 
Table Xld) would have been 2005 degrees. The heating of 
the hydrogen to 50 degrees and of the air to 20 degrees therefore 
increases the temperature of combustion by 20X3 - 2005 = 18° 0. 

The results of these methods of calculation are too high, as 
the specific heat of substances increases considerably with the 
temperature. The law governing the relations of specific, heat 
a,nd temperature (for gases) can be expressed according to Le 
Ohatelier by one of the general equations 


or 


(’„ 0.5 + aT 

-1.5 I aT. 


(’ii and stand for the, average specific heat of 1 gram- 
molecule at constant pressure or constant volume respectively, 
T is the absolute temperature, a has the following values for 
different gases: 


for 2 atomic gases (II,, N,, (),, 00). a 0.0000 

for CO,. a =»■ 0.0037 

for 11,0. a - 0.0029 

for 0,11,. a - 0.0008 


The total heat content of a gas at the temperature T - C P XT 
or C„ X T and the difference of the heat content of a gas between 
T and T 0 is C„ (T - T t ) and C, (T - T,) respectively. 

For simplifying the calculation the following table gives the 
values of C,, (T T 0 ), also the difference (C B — C v ) (T — T t ) 

A X P (V F 0 ) nAIi (T - T t ), i.e. the external work 
according to H. Le Ohatelier. 
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TABLE XLIl. 

DATA ON EXTERNAL WORK. 


T(»mix»raturu ° ('. 


(X),N S , (> at H,.. 

IIoO. 

VO, . 

Work 

AR(T-T 0 ).... 


(X), N a , 0 8l II, .. .. 

lU) .. . 

(X\. 

Work 

AR(T — T 0 ). 


Temperature ° ('. 


0 

200 

400 

000 

800 

1000 

1200 

1 OH) 

(} 

1.4 

2.8 

4 

.3 

5.8 

7.4 

9.0 

10.7 

0 

1.8 

3.7 

6 

.0 

8.2 

11.0 

14.0 

17.0 

0 

1.9 

4.0 

6 

.4 

9.0 

12.4 

15.5 

19 2 

0 

0.4 

0.8 

i 

2 

1.6 

2.0 

2.4 

2.8 


1800 

2000 

• 

5200 

2400 

2000 

2800 


14.2 

16.0 

17.3 

19.1 

21 0 

22 9 


24.0 

28 

3 


52.5 

36.8 

41 5 ! 

46 4 


27.3 

32.0 

38.2 

43 7 

411 6 ! 

55 4 


3.6 

4 

0 


4 4 

4 8 

5,2 

5 6 


icon 

12,5 

20 a 

23.1 

a 2 

3000 


24 H 

5i a 
61.7 

6.0 


Example: Calculation of the combustion heat, of hydrogen 
in air. Pure dry air contains in 100 mols. 

20.8 () 3 f 70.2 N 3 , or about 
20 () 3 | .SO N v or about A mols. ,V for every mol. (>. 

The combustion of hydrogen with the theoretical amount of 
air therefore corresponds to the equation: 

//, I J (0 3 ) I- 2 N 3 lip t 2 N r 

In this equation we have at constant pressure a combustion heat 
of 58.2 cal. *= 58,200 cal. for every mol. of burned hydrogen. 
The products of combustion consist of 1 mol. steam (11,0) and 
l mol. nitrogen. Since the combustion heat is equal to the 
cooling heat, we have: 

58,200 - 0.5 (T - T 0 ) + 0.0029 (P ~ 77) t 2 [0.5 (T ~ T,) 

+ 0.0000 {P - To 3 )] - 19.5 (T - T 0 ) + 0.IXH1 (P ~ To 3 ). 

If To « 0° C. and x the temperature (in 0 C.) to lie found, we 
have 

To 273 and T -> 273 + x and 
58,200 - 19.5 x + 0.0041 (540 x + x 3 ). 













com nvsTioN trmrrra thru 13 S 

1 his is a quadratic equation the solution of which is not at 
all difficult, hut most, conveniently obtained by graphical con¬ 
struction. We know that the eondmstion-temperature is in 
the neighborhood of 2000° (*. Calculating the cooling heats for 
temperatures in this neighborhood we have, using Table XLI: 



1800° 

2000° C. 

2200° (•. 

2400° ('. 

ibo.. 

2N S . 

24.0 

28.4 

28,3 

32,0 

32.5 

34.6 

36.8 

38.2 

Total..,. . . 

52.4 

60.3 

67.1 

75.0 


The combustion temperature in question therefore must be 
between 1800 and 2000° (\ By taking the cooling-heats as ordi¬ 
nates and the temperatures as abscissas we obtain the curve 
shown in Fig. 30. By marking on the ordinate-axis the heat- 



Fro. 80 , — Diagram for Oombuwtion Tomporatum*. 


generation (58.2 cal.) drawing from here a horizontal line to its 
intersection with the. curve, and a vertical line through the 
intersection point, we see that the vertical line intersects the 
axis of tem|H*rature at a point corresponding to the required 
eombustion-temiHsrature (19(H) 0 0.). An analogous calculation 
is applied if the combustion takes place at constant volume (for 
instance, in Mahler’s bomb). The combustion heat at constant 
volume (taking the water as steam) is 58 calories. The heat 
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necessary for heating is obtained by deducting the external 
work 3 AR (T - T 0 ): 



i.Hou° J 

2000° ’ 

•2200 s * 

| 2400 

j 

Heat, required at count,ant procure 

52.4 ' 

no :s 1 

57.1 

i 75.0 

External work. 

10.8 

12 o , 

13 2 

14.4 

Difference... 

41.(i [ 

48,3 ! 

53 0 

1 60 6 


From Fig. 31 we see that the combustion-temperature is 2320° ('. 
In this calculation the dissociation is not considered; therefore 



Ft<j. 31. — Diagram for Combuntion Temfwritiuim 


the calculated temperatures are slightly too high. The dis¬ 
sociation however can be taken into consideration by inserting 
in the temperature equation the coefficient of dissociation as a 
function of the temperature. Generally, however, a different 
method is pursued. 

As an example we will discuss the combustion of carbon 
monoxide. Calculating the combustion-tenqjerature without 
considering the dissociation, we find as the result 2100° 0. We 
know from the preceding chapter that the coefficient of dissocia¬ 
tion of carbon dioxide at this temperature and at a partial 
pressure of 0.20 atm. is 0.00. The heat-generation resulting 
from combustion therefore is 68 (1 — 0.06) — 64 cal. 
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In (“.alc.ulat.his the cooling-heat, of the combustion-products 
wo. have to take 0.06 less (X) 2 (the amount, dissociated at this 
temperature), and we have to add 0.06 00 + 0.03 0 2 , whereby 
the heat required for beating is decreased by 

0.00 (33.X 1.5 X 10.0) 0.0 X S.9 - 5.34 cal. 

The heat of combustion is therefore 2050 instead of 
2100 ° 

Analogous calculations show the following values for the 
combustion-temperature of different gases with air containing 
20 per cent of oxygen at an initial temperature of 0° C., without 
considering the dissociation; 


TABLE XLIII. 

CO M B U ST I < >N-T E M I’KRAT UIl K OE VARIOUS OASES. 


IL.,. 
CO... 


i too + II a ). 

oil, t« oo, + im.o. 

OIt 4 to <X> 4 2H a O. 


At Conatant 


I*rc»?urc\ 

Volume. 

1960°<■ 

2320° O 

2100° C 

2430° C 

2040° C 

2370° 0 

I860 0 <? 

2150° 0 

1525° (’■ 

I860 0 O 


By comparing tlu’se with the previously calculated tempera¬ 
tures of combustion (which wen' obtained by assuming the 
specific heats to bo constant) the excess of the latter can be noted. 


OoMMIRTION-TEMI’KUATUKE OE SoLII) SUBSTANCES. 

. The Haute method of calculation can be applied to the com¬ 
bustion of solid substances as carbon, coals, etc. We suppose 
again the air to contain 20 per cent volume of oxygen. For sim¬ 
plifying the calculation such quantities of the solid fuel are used 
that the volume of the gases of combustion (reduced to 0° C. and 
760 mm. pressure) is 22.42 liters, i.e. corresponds to a mol., 
because the volumetric composition of the combustion gases 
then shows directly the number of mols of the different gas- 
constituents present. 
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im 

Wc will now consider the combustion bout oi amorphous 
carbon, which differs from Unit of diamond or graphite. 


12 g. diamond yields. 91.3 cal. 

12 g. graphite yields. 91.X cal. 

12 g. amorph. carbon yields. 117.11 cal. 


According to the equation 

C + () 2 -1- 4 N, - (X), |- 4 N,; 
the composition of the combustion gases is: 


C0 2 . 20 per cent volume' 

N 3 . -SO per cent volunu' 


In order to obtain a molecular volume (22.42 liters) of eotn- 
bustion-gascs 0.2 gram-atoms of carbon must lx* burned, which 
yields by the combustion: 

Q - 0.20 X 97.0 - 19.f> cal. 

The heating of the combustion-products requires: 

| aixm" c, \ 


KorOO,. i B 40 7 B4 

For 4N„. i 12.80 13.84 

Total. I 10.20 21 48 


The combustion-temperature in (piestion therefore is 202(1° C. 
Actually, however, not only CO, is formed by the combustion, 
but also, according to circumstances, either free oxygen (dis¬ 
sociation), or carbon monoxide or steam (from hygroscopic 
water). Accordingly we get the following results: 

COMBUSTION OK AMORPHOUS COAL. 

Theoretically, if (X), is formed exclusively... 2029° (1. 

With 5 per cent oxygen. 1950° (’. 

With 5 per cent carbon monoxide. 1930° ('. 

Theoretically, with 25 g. of water jxsr t kg. 

carbon. 1950° (’. 

Combustion to carbon monoxide. 1250° (1 














COMJiUH'l'lOX TEMPEUATVHE 


137 


CoMBUHTION-TKMl’HItATUUK <)1'’ A NATURAL COAL. 


The combustion-temperature of a natural coal is figured by a 
similar method. As an example, we take bituminous coal of 
Oommentry showing the following composition: 

C. 75.2 per cent 


5.2 j>er cent 


II... 

(). <S.2 per cent 

N. 1.0 per cent 

llygrose. 11,0. 3.4 percent 

Ash. 7.0 per cent 

Total. 100.0 per cent 

The composition of the combustion gases is calculated as 
follows: 

5.7 ( 1 ) 

r.9 (2) 


CO, « 752 : 12 ». 


HjO hygroscopic - 34 :18 =•=. 

... 1.9 j 

from coal *=» 52 : 2 =•■. 

... 26.0! 

N : By the combustion there are formed: 


(X), with. 

62.7 0 

H,0 with. 

13.0 O 

Total. 

75.7 0 

From the coal. 

2.5 O 

Difference. 

73.20 

Tins 73.2 0 corresponds to 


4 X 73.2 -. 

292.8 N, 

N from coal 10 : 28 - =.'. .. 

0.4 N' 


293.2 


(3) 


Total from (1), (2), (3). 383.8 volume. 

The volumetric composition of the. combustion-gases therefore 


is: 


CO. 


100 X 0)2.7 
383.8 
100 X 27.9 


II 0 

3 383.8 


N 


- 10.34 per cent voL 
^ 7.27 per cent vol. 
* 76.39 per cent vol. 


100 X 293.2 

.383.8 . 

Total. 100.00 per cent vol. 
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From this we can figure the heat of the combustion gases: 

1800° 0. 2000° ('. 2200° 

17.053 .19.508 2I.X20 

The combustion heat is 

Q - 19.888 eat. 

and the combustion-temperature 2034° 0. 

Combustion-tkmpkraturk of Puoihh’KK Gas. 

As we shall see later there are fre<iuently used in the industries 
gaseous fuels, which allow a ladder utilization of heat. The 
ideal composition of such a producer gas is: 

00 + 2 N r 

Theoretically, this gas requires for combustion 
i ((),) + 2 N 3 

and yields 

CO, -1- 4 N,. 

The combustion of CO + J (O,) + 4 N, gives 08 cal. 

If the gas is heated before combustion to 1000° O., 5.5 x 7.3 
== 40 cal. are required. The. total amount of heat, therefore, on 
which the calculation of the eoml>u.stion-temi>erature has to 1 h> 
based is (58 + 40 = 108 cal. 

TABLK XUV. 



HEAT OF THE OOMBUBTION 

PHowiHm 



2000°, 

2200° V 

| SHOO * 1 <\ 

oo a . 

4N 2 . 

.... 32.0 

.. 64.0 

m 2 

60.2 

i 43,7 

j 76.4 

Total.. 

.. 06.0 

107.4 

1 120 1 


Combustion-temperature 

- 2220 °(\ 



, The same gas gives under different conditions: 

Theoretically, cold. 15(X) 0 C.; cold, 5 per cent 0 1210° C. 

Gas + air 500°. I860 0 C.; cold, 5 j>er cent CO 1320° C. 

Gas + air, 1000°. 2220° C. 
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The. ail - used for the production of producer gas always contains 
varying quantities of wafer vapor or steam, which is decom¬ 
posed by coming in contact with glowing coal, so that the gas 
contains less nitrogen. With an average content of 250 g. of 
water per kilogram of coal, the gas obtained contains per grain- 
atom of carbon: 

(X) -| 4 (ll 2 ) -1 S (N 2 ). 

The combustion-temperature of this gas is: 


(Jus I air: cold. 1550° 0. 

(bus | air: 500°. 1930° 0. 

(las I air: 1000°. 2230°0. 


In practice however the. composition of producer gas differs 
from the above, since* it always contains some (X) 2 and II 2 () and 
also (if bituminous coal or lignite is used) gaseous hydrocarbons. 
As an example the following analysis of such a gas is given 
(referred to 1 mol. of gas mixture): 


(X).. 

n a .. 

(X>„. 

1I 3 0 

N... 


0.20 vol. 
0.10 vol. 
0.05 vol. 
0.02 vol. 
0.03 vol. 


Total 


1.00 vol. 


The combustion of this gas yields: 


TABLE XLV. 

COMMOTION OK I'ROnUOEU (IAS. 


Combustion Cmdurtn 

* 

OomlmHtkm Hout. 


0.25 

13.6 cal. 

H a (>. 

0.12 

5.8 cal. 

N,. 

1.23 

••• 

Total.......... 

1.60 

10.4 cal. 


The calculation shows the following combustion-temperature: 


Gas and air: cold. 1350° 0. 

Gas and air: 1000°. 2150° C. 
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SlIGGUSTloNK FOR IjKSSONS. 

Calculation of the combustion-temperature of a fuel of kno’Cvn 
composition and combustion heat, using different <iuantitles of 
combustion air, at different temperatures of fuel and air. 

Calculation of the combustion-temperature if the composition 
of the combustion gases (at different temperature of fuel and air) 
is given, besides the composition and the thermal value of the 
fuel. 



OHAPTKR VIII. 


FUELS. (IN GENERAL.) 

Wh call “fuel” any substance, which combines with oxygen 
accompanied by the generation of heat and therefore can be 
used in practice as a source of power. 

Under the term “fuel” in the. widest sense of the word we 
include solids and liquids containing carbon (wood, peat, coal, 
coke, oil, tar, alcohol, etc.) and gases containing carbon or hydro¬ 
gen (illuminating gas, natural gas, producer gas, water gas, etc.) 
and also various other substances, the oxidation of which is used 
in the industries as a source of heat. Some of the latter sub¬ 
stances are: 

Sulphur, which is used in southern Italy for smelting crude 
sulphur (the reason being that no other fuel can be obtained 
as cheaply). 

Sulphides (FeS,) are used as fuel in the roasting of ore. In 
the Bessemer process the silicon of the crude iron (acid process) 
or the phosphorous (basic, process) is used as fuel. 


TABLE XLVI. 


CIiASSfI'TOATtON’ OK KUKUH, 


Kind of Fuel. 


a) Nuturul. 


b) Artificial. 


A. Molid . ., .. 


Wood, peat, lignite, hi- Charcoal, coke, (hr! 
turn, coal, anthracite. quettas). 


Ik Liquid 


(Hi 


Tar, tar oil, alcohol, etc. 


0. Clfutaom 


Natural gas 


Illuminating gas, pro¬ 
ducer gas, water gas, 
Dowson gas, blast 
furnace gas, acetylene, 

etc. 
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Lately Goldschmidt has introduced aluminium as a find (ther- 
mit). A mixture of fine-grained aluminium and certain oxides 
(F 0 jO 3 , etc.), when ignited, continues to burn and generates 
considerable heat: Fc.,0, -f- 2 A1 - Al,() 3 f 2 Fe. This process 
is used for the reduction of metals, preparation of metals and 
alloys, free of carbon, generation of high temperatures for weld¬ 
ing, melting, casting, etc. 

In this work we will treat only the first two groups given 
above, which arc commonly called fuels in the true sense of the 
word. 

A. Komi> Fouls. 

(a) Natural Solid Fuels, Wood, Peat, Liipule, Coal and 
Anthracite. 

All these fuels contain: 

1. Ash, which remains after combustion. 

2. Hygroscopic water, sometimes called moisture. 

3. A substance containing the combustibles and consisting 
mainly of carbon and variable quantities of hydrogen, oxygen ami 
nitrogen. The composition of this sulxstance free of water and 
ash is as follows for the different futilH: 


TABLK XbVII. 
COMPOSITION OS FUKLH. 


Fuel. 


Wood. 

Peat. 

Lignite —.. 

Bitura. coal: 
lean, long flam- 


fat, long flaming 
fat, short flam¬ 
ing. 

lean, short flam- 

, ing\. 

Anthracite ....... 


(bm{K)Hition of 

the Huh’ 

Thor- 


Vo tit- 

Ntarieo (froe of Water and 


It | f , 


A«h). 


mat 

Vtthm. 

Coke. 

Mat- 

0% 

H% 

o t- N% 

(‘at. 


ro 

o 

51 

6 

43 

4700 

non miking. 


58 

6 

110 

5900 

non -chi king. 

70 

70 

5 

25 

0500 

non-coking. 

50 

80—84 

5.5 

12—10 

8200 

badly (Hiking 

35—40 

84-88 

5 

9—10 

8000 

coking . 

; 30— 3ft 

80—90 

5—4.5 

7—5.5 

8700 

coking ..... 

10-23 

90-93 

4.5 8.5 

5,5 ~ 4 5 

8000 

badly coking . 

0 -14 

95 

2 

3 

8200 

non coking. „ . 

3 


The ash content varies from about 5 per cent to 15 per cent. 
The amount of hygroscopic water depends on the humidity of 
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M3 

the atmosphere, and the nature and porosity of the fuel; it 
generally increases in direct proportion with the volatile matter. 
Coke forms an exception as it sometime',s contains considerable 
water, which however is not hygroscopic but was introduced by 
the manufacturing process (cooling of the hot coke with water). 

The coking of fuels by heating is of great practical importance', 
preventing small-size coal from falling through the grate bars. 
Small-sized lean coal is troublesome to burn on a grab'. On 
the other hand coking too much may cause trouble, as thereby 
a considerable amount of coal is prevented from burning up and 
the grate' cannot bo prope'rly ck'ane'el. 

Some le'an finds have the property of disintegrating in lic'at 
and falling through the grate befe>re bc'ing burned up. 

The natural soliel finds are of great importance for the indus¬ 
tries on account of their low cost. They can be classified in 

(a) Vegetable fuels: wooeL 

(ft) Foasile fuels; peat, lignite, coal and anthracite. 

(h) Artificial Solid Fuch . 

s 

For certain purposes it is of advantage to use fuels richer in 
carbon Ilian the ones occurring in nature. This is done by 
subjecting the natural solid fuels to dry distillation, whereby 
the following products of decomposition arc formed: 

1. (Joses. 

2. Tar. 

2. Tar-water. 

4. Carbonaceous residuum. 

The relative quantity of these substances depends on the 
nature of the substance from which it originated, and the tem¬ 
perature of distillation. With increasing temperature the quan¬ 
tity of gas is increased, but the content of heavy hydrocarbons 
and therefore the illuminating [lower decreased. 

The advantages of the coked fuel arc: 

1. A fuel of higher thermal value: 

(a) The content of carbon of the coked fuel being higher than 
that of the raw fuel. 

(ft) The gaseous products of distillation requiring a great 
amount of heat for their gasification in using crude 
fuel. 
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Thereby the cost of transportation per heat unit is decreased. 

2. Coked fuel burns without smoke. 

3. Coked fuel does not cake or form clinkers. 

4. The sulphur content, of the raw fuel is decreased by coking. 

5. Valuable by-products are furnislu'd by the coking process. 

On the other hand we have to consider the following disadvan¬ 
tages of coking. 

1. The coking entails a certain expense due (o heat, fuel, 
wages and machinery. 

2. Coked fuel never burns with a long flame, which is essential 
in certain cases. 

3. Coking increases the ash content. 

According to the raw material used the coked products an' 
called: 

(a) Charcoal. 

(b) Peat coal. 

(e) Coke. 

(d) Briquettes. 



CHAPTER IX. 


WOOD. 

The industrial importance of wood as fuel is not very great. 
It is, however, used to a largo extent for building and con¬ 
struction purpose's which makes a detailed discussion desirable. 

According to the trees from which the woods originate they 
may be classified as: 

(«) Leaved woods: maple, birch, beech, oak, alder, ash, 
linden, poplar, elm, willow, etc. 

(b) Coniferous woods: red pine, pine, larch, fir. 


TABLK XLVIII. 

DI.AHHIFICATtON OF WOODS AOOOUDINO TO SPECIFIC CRAVITY. 


Hard Woods. 

i 

> 0.90 

Hoft Woods. 

H|»oclfie Gravity (air dry) 

Nihk'UU*. Gravity (Kroon) 

Rpccifu* Gravity (air dry) 
Hpodik* Gravity temen) 

< o.m 

< 0.90 

Hooch 

0.77 

Hi Ivor fir 

« 0.48 

Oak 

0.71 

Hod pine 

- 0.47 

A«h 

0.07 

Fir 

*■ 0.55 

Maple 

0.64 

Larch 

«* 0.47 

Kim 

0.57 

Linden 

» 0.44 

Birch 

0.55 

Willow 

- 0.48 

Alder 

0.54 

Trembling poplar 

®* 0.48 



Poplar 

- 0.39 



Black poplar 

- 0.39 


The specific gravity of wood is somewhat variable: it is greater 
the slower the growth of the tree, i.e., the dryer the soil. Some¬ 
times the following classification is used. 

1. Hard woods (leaved woods only): oak, beech, white beech, 
ash, maple, birch, etc. 

2. Soft woods (soft leaved woods): chestnut, linden, trem¬ 
bling poplar, willow, etc. 

3. Coniferous woods: fir, silver fir, etc. 
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The specific; gravities given above include the pores of the; 
wood. Excluding the port's these figures arc- considerably 
higher (Rumford). See Table XLIX. 


TABU'! XLIX. 

specific ouavity ok wood sntsTAXCK. 


Wood. 

SjMTific’ 1 
(Jravily, 

Wood. 

(im\ tty. 

Oak... 

1.5344 

Birch. ... : 

1.4848 

Beech .. . . 

1.5284 

Linden . . , 

1.4846 

Kim. 

1.5186 

Fir ... 

1.4612 

Poplar. 

1.4854 

Maple 

1,4599 


The following figures relative to specific gravity of woods will 
be of interest: 


TAM LI'! L. 


SPECIFIC OUAVITY OK VAHIOt'H WOODS. 


Kind of Tree. 

Scarlet oak ....... 

Brin¬ 

son, 

Beech .... 

Kim ... . 

0.85 

0 67 

Larch .. 


Pino. 


Maple.. 

0.75 

Ash. 

0.84 

Birch.. 


Service.. 


Fir. 

0.55 

Red pine . 


Mealy pear . 


Chestnut ........ 


Alder. ... 

0.80 

Linden . 

0.60 

Black poplar ..... 


Aspen . 


Italian poplar . 


Sallow .. 


Pomegranate . 

1.35 

Ebony .. 

1.33 

Dutch box ... 

1.32 

Medlar .. 

0.94 

Olive . 

0.92 

French box ....... 

0.91 

Spanish mulberry. 

0.89 

Spanish yew 

0.80 


Hart Ik, 


<lrmt. 


Hwworihd, 


1.0754 

0.9822 

0.9476 

0.9250 

0.9121 

0.9036 

0.9036 

0.9012 

0.8993 

0.8941 

0.8699 

0.8638 

0,8614 

0.8571 

0.8170 

0.7795 

0.7654 

0.7834 

0.7155 


0.7075 
0.5907 
0.5474 
0.4735 
0.5502 
0.6592 
0 6440 
0,5550 
0,4716 
0 5910 
0 5749 
0.5001 
0,4390 
0.3686 
0 4302 
0,3931 
0,4302 
0.3931 
0.5289 


WiTliek, 

Winkler. 


— 


Mu when- 

Well 

Well 

brock. 

HeiiMmetl 

HettSOftetl. 


0 6441 

0 663 

0.929 

0 8452 

0 560 

0 K«2 

0 5788 

0 518 

0,600 


0,441 


0 4208 

0 485 


0 5779 

0 618 

0 7B5 

0 6337 

0 619 

0 734 

0 51199 

0 898 



0 852 


0 4303 

0 493 

0.850 

0 3K3K 

0 434 



0 849 

0 874 


Cl’443 

0.800 

0 3480 

0 431 

0 604 


0 3411 

0 383 


0 418 


0 4402 




0 801 
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Another classification of woods is based on the following 
properties: 

The youngest wood of a tree trunk is ealled sap-wood, it 
contains more sap and is lighter in color than the older wood. 
In sonio. trees the older wood hardly changes (maple, birch, 
white beech, etc.); in some the sap-wood is darker and dryer 
(linden, rod pine, fir tree, etc.); in some trees a darker, dryer 
and stronger wood is formed in the course of time, which is called 
heart-wood (('bony, walnut, larch, fir, etc.). 

The weight of wood piles is of more importance than the 
specific gravity. The net cubic contents of a wood pile is the 
volume of wood substance' including the pores. Its weight in 
kilograms is 1000 times the specific gravity of the wood. The 
gross cubic contents of a pile depends upon the density of the 
pile and the moisture of the wood. Furthermore, the density 
depends upon the shape and form of the pieces of wood (cord 
wood, stove, wood and brush wood). The moisture decreases 
with the length of time the wood is stored, down to from 12 to 
t;t per cent. The actual contents of the wood pile is the volume 
of wood substance in a certain volume of wood pile. 


TABLE LL 

ACTUAL CONTENT IN PER CENT OF DIFFERENT WOODS. 


Kind of Wood, 


(lord wood of leaved wood, logwood find billet wood 
of coniferous trees, strong, smooth and straight., 
(lord wood of leaved and coniferous woods, weak,' 

smooth and straight « ■ • . ■ -.. 

(lord wood of coniferous woods, strong and weak, r 

knotty and crooked,. . ... . ... 

Htove wood of leaved wood, strong, smooth, straight- 
(lord wood of leaved wood, strong and weak, knotty' 

and crooked . .. .. 

Htove wood of leaved and coniferous wood, strong - 
and weak, smooth and knotty, straight and 

crooked ,. . . .. . .. .. .. ..., 

Brushwood from trunk, coniferous wood.... 

Brushwood from trunk, leaved wood .. 

Brushwood from branches, coniferous wood........ 

Brushwood from branches, leaved wood............ \ 

Hoot wood (leaved and coniferous tree) ...... ..... f 


Mini- 

Maxi- 

Aver- 

mum. 

mum. 

UK(‘. 

73 

77 

75 

68 

72 

70 

03 

07 ! 

05 

m 

02 

00 

m 

67 

55 

48 

52 

50 

42 

48 

45 
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TABLU UI. 

WEIGHTS OF WOOD IN PILES. 
(Woods nit in winter.) 


Kind of Tree. 


Green. 


Seasoned, 


Ford wood. 


Park 


Heart- 

wood. 


Stove- 

wood. 


Brush. 


Hardwood. 


Burk, 


Heart 

wood. 


Stove- 

wood. 


Brush. 


Weight- in Kilograms of l Solid t'uhie Met«r. 


Red pine. 

Pine.. 

892 

950 

717 

690 

881 

937 

Larch.. 

929 

Silver fir. 



937 

Oak.. 

741 

923 

968 

Red beech. 

790 

878 

955 

Hornbeam. 

1019 

Birch. 

978 


Linden.. 

' 


Maple.. 



979 

Norway maple .. 

1051 

933 


926 

457 

445 

334 

511 

869 

554 

503 

551 

516 




624 





469 


903 

' '548 

669 

703 

702 

930 

687 

734 

696 

673 

1045 



762 

780 

986 

734 



712 

781 

741 

797 

717 

484 





OlIKMICAti Composition. 

Wood is composed chemically of (1) filler and (2) sap. 

The wood fiber consists mainly of cellulose Cgll,,,*)* (0, 44.4-1 
per cent; H, (>.17 per cent; O, 49.29 per cent). Besides cellulose 
we find other organic matter, lx>th nitrogenous and non-nitroge- 
' nous, which are generally called “ incrustating materials." They 
increase towards the center and cause the dark color. 

The analyses given in Table LIII show the variations in the 
composition of different woods dry and free of ash: (II. Che- 
vandier). 

TABLE LIII. 

COMPOSITION OP DIFPRRBNT WOODS. 


Kind of Tree. 

a 

II | 

o and N 


Per cent. 

Per cent. 

Per cent. 

Maple.. 

49.80 

6 31 

43.80 

Oak............. 

50.04 

0.03 

43.05 1.38 

Pine... 

49.94 

0,25 

43.81 

Willow..... 

51.75 ’ 

0.19 

41.08 0.08 
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The average composition therefore'- is: 

0. 49.2 

u.:. (i.i 

0 and N . 44.7 


The sap is a solution of various organic (protein, tannic acid, 
vegetable acids, starch, sugar, essential oils, rosins) and inorganic 
substance's in wafer. 

Considering the use of wood as fuel, only the content of resin, 
water and ash has to be considered. 

With increasing content of resin, the thermal value increases. 

In order to determine the resin content Hampel treated 
Austrian woods with 90 per cent alcohol. Table LIV gives the 
per cents dissolved. 


TABLE UV. 

RENIN CONTENT OF WOODS. 


Kind of Tree 


Per cent. 


Tiixuh bnmita L. Cycw)... 

Abioa oxcHhh I), (\ (fir).. 

Litrix ouropam 1). (■. (larch). 
Pinna mlvontrin L, (pine) - • • 

Acer pHoudoplatumm L. (maple) 
Kraximw oxcolmor L, (iwh). ... . 
Fngun ailvaticuw L. (ml beach) 
Bet ula alba L. (birch)... .... ■ 


7.514 

2.734 

1.807 

1.744 

1.60 

1.47 

1.44 

1.107 


The ash content of various woods may be taken from Table 

LV. 


, TABI-K LV. 

ASH CONTENT OF VARIOUS WOODS. 


Pine..,. , 

Oak . . . . 
Pitch pine, 
Birch .... 


PtonH 

Wood. 

old 

Wood, 


Trunk 

Wood. 

Branch 

Wood. 

Bm«h 

Wood. 

0.12 

0.15 i 

Oak....... 

1.94 

1.40 

1.32 

0.15 

o.ii : 

Hooch. 

0.73 

1.54 

0.72 

0,15 

0.15 

Aspen..... 
Willow..., 

1.49 

2.38 


0,25 

0.30 i 

2.04 

3.08 . 



The ash content depends largely on the ash content of the 
soil. The moisture changes with the seasons, is the lowest in 
winter and the highest in spring. It also changes with the 
different trees. 
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Kind of Tin*. 


Uarpimm be lulus ... 

Salix capron. 

Acer pMeudoplatanim. 
Morbus aucuparia.. . 
Fruxinus excelsior.. 

Betula alba. 

QuerCus robur. 

Pimm s lives tr is. 

Pinas larix. 


11,0 

Kind in! i 

Per t cut. 

Name. 

18 0 

Hornbeam 

20,0 i 

Sallow 

27.0 ! 

Maple 

Serviee 

28.3 j 

28.7 : 

Ash 

20.8 ! 

Birch 

24.7 

Oak 

20.7 

Pine 

48.0 

Lurch 


TABLE LVI. 

MOIHTimiO IN VAHIOPH WOOD8. 


Kind of Tree. 


Water 

Konteut. 


Hornbeam (Carpimm betuluw).. 

Hallow (Salix eaprea). 

Maple (Acer psoudoplatanus) .. 
Service tree (Sorbim aucuparia) 
Ash (Fraxintm excelsior)....... 

Birch (Betula alba). 

Oak (Quercus robur).. 

Pine (Pimm silvestris, L.)...... 

Larch (Pimm larix). 


18.0 
2 ( 1.0 
27.0 
28 . ;i 

28.7 

30.8 

34.7 

39.7 
48.0 


The researches of Vrollc (Table LVI I) show how great an* the 
variations in the ash content, for instance, in the ease of the 
cherry tree. 


TABLE LVII. 


ASH CONTENT OF VARIOUS PARTS OF A CHERRY TREE. 


Part of Tret*. 

0 

I*er cent. 

II 

Per mit, 

O + N 

IVr cent, 

And 

I*er cent. 

Leaves.. 

45.015 

0.971 

40.010 

7,118 

Upper point of branch, bark..... 

52,41)6 

7.312 

30.037 

3.454 

Upper point of branch, wood...... 

Middle part of branch, bark....... 

48.359 

0.005 

44.730 

0 301 

48.855 

6,342 

41.121 

3.082 

Middle part of branch, wood..... 

Lower part of branch, bark.. 

4SI.0O2 

0,007 

43.350 

0,134 

40.871 

5.570 

44.056 

2.903 

Lower part of branch, wood....... 

48.003 

0,472 

45.170 

0.364 

Trunk, bark..... 

40.207 

5.980 

44.755 

2.057 

Trunk, wood.... 

48.025 

0.400 

44.319 

0.290 

Upper part of root, bark. ......... 

49.085 

0.024 

48.701 

1.129 

Upper part of root, wood.. 

Middle part of root, bark.. 

40.324 

i 0.280 

44.108 

0.231 

50.307 

0.009 

41,920 

1.043 

Middle part of root, wood,........ 

47.399 

! 0.259 

40.180 

0,283 

Lower part of root.... 

45.003 

5,080 

43.503 

5.007 
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Ilennoborg’s researches vshow how the ash content depends on 
the soil. Table LV111 shows the composition of beech wood 
ash: 

TABLE LVIII, 

ASH ANALYSES. 


Components. 

Carbonate of potash. 

Carbonate of soda... 

Sulphate of potash. 

Chloride of sodium .. 

Soluble salts... 

Carbonate of lime. 

Magnesia... 

PlumphatoH.. 

Silicic acid... 

I nsoluble components.. 

For metallurgical purposes 
is of interest. It. Akorman i 



Kind of Soil. 


Limestone. 

Gypsum. 

Sun (1st one. 

Per eenL 

Per cent.. 

Per cent. 

6.7 1. 
11.0 J 

14.6 

<4.7 
i 3.2 

4.4 1 

3.4 

23.3 

0.7 

trace 

5.0 

22.8 

18.0 

36.2 

27.4 

30.9 

21.1 

17.7 

12.2 

12.4 

15.6 

9.7 

10.9 

16.9 

28.7 

18.4 

77.6 

81.5 

61.0 


d (piantity of phosphorus in wood 
l Sarnstrom found that: 


1. Leaved wood contains from 4 to H times as much phos¬ 
phorus as coniferous trees. 

2. The quantity of phosphorus in the same kind of wood 
varies 100 per cent according to the country of origin. 

2. Fir wood cut in winter contains more phosphorus than 
when cut in spring or summer. 

4. The trunk contains the least, branches, twigs and especially 
the bark contain the most. 


r>. The* phosphorus of sap-wood can to a large extent easily be 
washed out. 

The moisture of wood depends considerably on the season 
(Sclmehler): 


Kind of Tree. 

Percentage of Water. 

End of January. 

Beginning of 
April. 

Ash .... . .. .. 

28.8 

38.6 

Maple.... 

33.6 

40.3 

Horse chestnut.... .. 

40.2 

47.1 

Fir tree..*.... 

52.7 

61.6 

Fresh ash ... 

28-29 

38-39 

Red pin© (root)...... 

52 

61 
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The moisture varies in the different parts of the trees. It is 
higher in the outer parts than in the inner parts, higher in the 
branches than in the 4 trunk. It also depends on tlu* soil and 
climatic conditions. 

Air drying reduces the moisture after two summers to about 
20 per cent, in very dry summers to from 15 to lb per cent. 

For drying wood more perfectly higher temperatures have to 
be applied. Woods exposed for two years to 125° (\ and 225° C. 
lost water as shown in Table LIX. (Violette): 

TABLE LIX. 

DATA ON THU HHASONINO OF WOOD, 


100 Fort* of Wood i0v«« oft Witter. 


Temperature. 

Oak. 

Anh. 

Kim. 

Walnut. 

125° C 

15,20 

14.78 

15 32 

15 55 

150° O 

17.93 

16.19 

17 02 

17.43 

175° O 

32.13 

21.22 

30.94 

21.00 

200° O 

35.80 

27.51 

33.38 

41.77 

225° 0 

44.31 

* 

83 38 

40.50 

36.50 


At 200° 0. dry distillation begins. Wood dried at higher 
temperature readily absorbs water. Wood (shavings) dried at 
136° 0. absorbed in 24 hours in winter from 17 to 19 jkt cent, in 
summer from (i to 9 per cent water. 

By drying, the volume is decreased; by moistening, increased. 


TABLK LX. 


THKRMAL VAMTK OF VARIOUS WOODS (lw k# 


Klnti of Wood. 


Air-dried wood (20% water). ...... 

Dried wood (10% water). .... 

White beech, air dried............. 

Oak, air dried.... 

Maple, air dried ........._...... 

Pine, air dried.... 

Willow, air dried.... 

Linden, air dried.. 

Birch, air dried ... 

Fir tree, air dried... 


Fb wltsred 



by 1 Fart of 

Wood. 

(fetor it*. 

Hprelfte* 

Umvity, 


8000 



4100 


12.5 

2100 

0.770 

14.05 

2400-3000 

0.708 

14.10 

3000 

0.046 

13,27 


0,550 

13.10 


0.487 

14,48 

3400—-4000 

0 439 

14.08 


0.027 

13.10 


0,481 


The heat of combustion of cellulose per kilogram is m follows, 

(if the water formed appears in liquid form) for: 


























wool ) 


Purified cotton. 4200 cal. 

From paper. 41X8.1 cal. 

From ammoniacal solution of cupric oxide *4174.1 cal. 
Purified with bromine water and ammonia. 4191.0 cal. 

Average. 4T88.5*cal 

For water vapor. 8591 nl p 


Boise has found the evaporating power of different kinds of 
wood to be as given in Table LXI. 

TABLE LXI. 

KVAPORATINO power of wood. 

Kilograms of Water 
tran.sfomied into 
Steam by 1 Kilo¬ 
gram of Wood. 

|UnneuNonod.| Heunotied. UnNounom*d.| Seasoned. 
Percent. Wood. 

Old pine. 

Young pine . .. 

Alder,. . ... 

Hindi. . 

Oak . . . 

Old ml beech, 

Young red beech 
White beech, . 




Winkler has found the comparative fuel value of woods, 
considering the. name volume 1 , to be as given in Table LXII. 

TABLE LXII. 

00MPARATfVK FUEL VALUE OF VARIOUS WOODS (Winkler). 


Kiwi of Wood (dry). 


Red Pine 
100. 


Oak........ 

Elm 

Map la...... 

Bltih....... 

Bench. 

wmdw.V.'.V 

Poplar..... 

Pint........ 

Eiiti pine. •.: 
Linden...... 


Red Beeeb 
100 . 
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Since wood, when list'd as fuel, is almost always measured 
instead of weighed, this table is of considerable importance, also 
on account of the volume being less alTeeted by moisture than 
the weight. 

If we call best beech wood equal to 100 we get- the following 
scale for the value of woods. 

I. Fuel quality - 100: lieech, birch, pine rich in resin, 
mountain pine, acacia. 

II. Fuel qualify 95 to 90: maple, elm, ash, larch rich in 
resin, chestnut, ordinary pine. 

III. Fuel quality - 85 to 75: red pine, fir, Silierian stone 
pine. 

IV. Fuel quality .70: linden. 

V. Fuel quality 05 to 00: alder, poplar, oak, as|>en. 

VI. Fuel quality 55 to 50: willow. 

These values naturally depend also on the use the wood is to 
be put to. For quickly raising the temperat ure, for instance, 
soft wood, especially coniferous wood is used. For domestic 
use 1.5 eu. m. of soft wood take the place of 1 cu. m. of hard 


wood. 

The different parts of a tree have a different fuel quality. 
Taking trunk wood as — 1, we have 

Trunk wood. 0.90 to 0.X0 

Branch wood. 0.90 to 0.75 

Twig wood . 0.85 to 0.80 

Root wood. 0.05 to 0.50 

Root wood, rotten. 0.40 

Wind-fallen wood. 0.85 to 0.50 








CHAPTER X. 


FOSSIL SOLID FUELS. (IN GENERAL.) 

All fuels containing carbon arc of vegetable origin and differ 
from each other aeeording to the kind of the plant from which 
they come and the quality and quantity of the transformation 
of the vegetable fiber. The course of carbonifieation is entirely 
different if the vegetable masses are covered with water, and if 
the plants are isolated from the atmosphere by layers of clay. 

Geologic,ally these fuels can be divided in: 

1. Younger fossil coals: 

(a) Peat. 

(b) Brown coal (lignite). 

2. Older fossil coals (bituminous coal and anthracite). These 
coals are formed by a process called natural carbonifieation 
(carbonaceous decomposition), which was studied by the Swiss 
geologist, A. Balzer. 

Balzer states that in this process two kinds of substances have 
to be dealt with, namely: products of decomposition and resid¬ 
uum of decomposition. 

We can obtain some idea of the nature of the products of 
decomposition from the methane in the mines; the gases in the 
fresh coal; the changes of fresh coal in the atmosphere (which 
changes are a continuation of the process of carbonifieation), 
and from certain laboratory experiments on the behaviour of 
wood in an atmosphere of oxygen. 

The methane in the coal mines is a real product of decom¬ 
position. 

The gases held in absorption by coals are of the same nature. 
Meyer found that 100 g. of coal yield from 17 to 59 cu. cm. of a 
gas containing carbon dioxide, oxygen, nitrogen, methane, ethane 
and probably butylene. It is undecided how much of the nitro¬ 
gen has its source in the vegetable matter and how much in the 
atmosphere. 
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Relating to the behavior of wood in an atmosphere of oxygen, 
Saussure observed that wood shavings enolosed in an oxygen 
atmosphere transformed the latter into the same volume ol 
carbon dioxide. The same observation was made by Liebig for 
moist and old wood. Wiesner found that the first stage of 
decomposition of wood consists in the appearance of gray color, 
whereby the intercellular substance vanishes and practically 
pure cellulose remains. Moist lignite absorbs oxygen from the 
atmosphere and generates carbon dioxide. 

Liebig made the conclusion from his experiments, that first- of 
all the hydrogen of the wood is oxidized, while the oxygen of the 
hydrate water combines with the carlxm of the wood to form 
carbon dioxide. Considering the fact that methane is formed 
during the transformation of wood into coal, he caleulates that 
earmel coal can be explained as wood filx;r less .'{ molecules 
CH 4 , 3 mol. H 3 0 and 9 mol. Ct) a . Brown coal is oak wood less 
2 H 2 0 and 3 C0„ etc. 

Relating to the influence of the exclusion of air in the forma¬ 
tion of coal, Bischof stated that atmospheric oxygen is not 
essential and that the coal deposits must have l>een formed 
mainly under exclusion of oxygen, water having served as tin* seal 
in the sea, on the shores and in meadows. In some eases the 
water was replaced by sand and clay de|K)sits. The ash content of 
coals proves this fact. The oxygon which is found dissolved in 
sea water certainly did not have much effect, since according to 
Hayes, metals kept at a certain deptli in the sea are not oxidized. 

As to the chemical expression of the carlxmamms decom¬ 
position Balzer says: According to Bischof there ar»* three ways 
possible for the decomposition to take place according as carlxm 
dioxide and water, carbon dioxide and methane, or carlxm diox¬ 
ide, water and methane are formed.. The one of these processes 
which takes place is determined by the amount of tin 1 react¬ 
ing air, temperature and pressure. When vegetable products 
during the carbonaceous ages were carried by rivers into imains 
of salt or fresh water, where formation of coal t<x»k phut*, large* 
quantities of methane were formed. If by some gixdogteal 
change the basin becomes dry, the process gw* on princ'qwtiiy as 
oxidation. If now a considerable amount of sediment is dejamited 
the formation of coal has to continue, though slowly, without 
oxygen. 
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According to Balder the influence ol temperature is ns follows: 
Low temperature decreases the velocity of coal formation. The 
temperature in the deepest part of the Atlantic Ocean at from 
49 to 57 degrees latitude is 2.1°(\ In regions when* the lowest, 
winter temperature of the air is l 0 (■., the deepest layers of water 
have a constant temperature of from 5 to (1° (’. The carhonifica- 
tion, which is a “ voluntary ” decomposition of organic suhtanees, 
is certainly an exceedingly slow reaction at this temperature, and 
must have been much slower yet in the glacial age. 

The influence of pressure is as follows: It is uncertain whether 
an increase in pressure increases or decreases the velocity of 
earbonification and the optimum of pressure is also unknown. 
We cannot make any deductions from the fact that dadO, 
remains undecomposed at high pressure since in organic reactions 
with closed glass-tubes the generation of gas and chemical 
reaction ordinarily takes place at high pressure and high tem¬ 
perature. Paraffin is decomposed by high pressure and high 
temperature in hydrocarbons of the methane and ethylene 
scries. In such cases the reactions taking place change with 
changes in temperatures and pressure. 

A certain semi-soft condition of the wet mass can l>e con¬ 
sidered as advantageous for the reaction. 

Valuable information relating to the changes of coals in the 
atmosphere at ordinary and higher temperature arc* given by 
Richter. 

It is known that coal alworbs oxygen of the air. ('harcoal 
absorbs nine times its volume of oxygen, duals alworb gases 
as readily as a dry sponge alworiw water. If coal is sat¬ 
urated with one gas, some other gas can lx* alworlxd in 
addition. With the assistance of moisture the oxygen is com¬ 
pressed in the coal, ozonised and thereby Itocomes chemically 
active, causing an increase of temperature. (Self-ignition of 
powdered coal.) 

Richter observed that the capacity of coal for absorbing 
oxygen increases up to 200 degrees, at which temjx»mture the 
absorption stops. Hydrogen and oxygen are aljsorlxni in the 
proportion 2 : 16. On account of oxidation in the air deteriora¬ 
tion of coal takes place, shajxs and color are changed, thermal 
value and coking capacity decreased. 

Since only a part of the hydrogen of the coal is oxidized the 
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hydrofoil mu,si be present in different combinations, which is 
important for the theory of the constitution of coals. 

Considering the residuum of decomposition Balzcr mentions 
the constitution of the wood-substance. The coals are chemical 
derivative's of cellulose, consequently of the wood-substance. 
The constitution of these substances and their relations to each 
other an' not positively known. It seems, however, that 
cellulose doe's not occur in a free 1 state in wen eel. From fir wooel 
we' e'.an isolate' by extraction with emlinary solvemts a yellowish- 
white substance' having the' formula C^II^O.,,, which is only 
slightly soluble in ammoniacal cupric <>xiele>, be'ing thereby essen¬ 
tially elilTe're'iit from e'ellulose. By boiling with hyelrochle)ric 
ae'iel, glucose and lignoso ((’mll^O,,) was formed. The latter, 
which is alse> insoluble in ammoniacal cupric oxide, is trans¬ 
formed by ladling with nitric acid, inte> cellulose and certain 
substane'es of the aromatic series. From theses reactions we 
can ce)nelude that fir wood e'emtains, besides the cellulose-group, 
a sugar-fe>rming and an aromatic group, se> that its c,ompe)sition 
is much more compli<*att'(l than that of cellulose. • 

What is the 1 relatiem of wood substance to coal? It is known 
that in the carbonaceous decomposition the relative quantity 
e>f carbon and ash increases and the quantity of hydrogen, 
oxygen anel nitrogen elecreases. The different qualities of coal 
from peat to anthracite show different stages of this process, but 
the formation of one kind of coal from the other cannot bo 
expressed by a chemical equation. 

Balzer makes the following hypotheses relative to the con¬ 
stitution of coals: 

1. The coals are mixtures of complicated carbon compounds 
(organic substances), 

2. Which form a continuous (or possibly homogeneous) series. 

2. The carbon ring of these compounds is complicated and 

somewhat analogous to aromatic compounds. 

Balsser states that Insides the carbonaceous decomposition 
proper a destructive distillation can take place, for instance, by 
contact, with hot bodies or fires. In Hessen, Germany, molten 
basalt has in this way transformed lignite into anthracite coal, 
the anthracite deposit changing gradually into the lignite deposit. 
In some places eruptive porphyry has transformed lignite at the 
contact points into coke. 
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Supposing an increase of temperature towards the center of 
the earth-, we can assume 100° ('. at a depth of 2UOO m. Products 
of distillation formed in these regions can condense in the upper 
regions, the lower layers forming the retort, the upper the con¬ 
densing chamber. Baker Ix'lieves that this reaction takes place 
with petroleum, which is “distilled" from coal deposits, bitu¬ 
minous slates, etc. 

Since petroleum occurs in siluriau, devonian and tertiary 
formations it is apparent that the place of "occurrence” is 
different from the place* of ‘‘formation,” which can 1 m* explained 
by distillation, above reform! to. 

Supposing that the carbon in the coals is present as such, we 
consider the coal deposits as end products, while according to 
the above mentioned statement they are in a process of contin¬ 
uous transformation, which however cannot In* fully explained at 
present. 

The faet that the. temperature in coal mini's increases with the 
depth faster than elsewhere is of practical importance and 
theoretical interest. A ease where it was Mieved that hot 
springs were the cause of the high tem|X'raturo of the mini' waters 
was investigated to find out whether tin* formation of coal is 
accompanied by a sufficient generation of heal to explain the 
high temperatures. 

The following results were obtained; 


TABI.K LXIV. 

AVKltAUK COMPOSITION Op H'Ut.S 


Wood. 80% 0 

Peat. «>%(' 

Lignite.. 80% (' 

Bituminous eoal. 82% 1* 

Anthracite. 08% (‘ 


« % H ,:43 % 0,1 I % N, 
tt % H, u % 0,1 8 % v, 
8 »%, 11,35 % O 0 *<•; 

3 % it, 13 **; op o,*% * 

a r; it, 3 »% oj spur 


I 

tails 1 
kK «'«! 

- 4MHI 
-0WHI 
-8800 

- 7000 
-H300 


TABLK LXV. 

THKUMAI. VAI.mi Of TMK KI.KMKKTAIU eOXSTITUENTS, 


Wo(»«l...0.60X HOMO ♦ 0 0# - 34,000- 8080 kg «»t 

. 0.50X 8080 4 0 08 x 34,000- 81107 kg-eal, 

._•. 0,89X 8080 ♦ 0 058x 34.000- 7448 kg-eal. 

Bituminous coal. 0,82X 8080 4 0 08 > 34.000- 8828 kg-eai. 

Anthracite... 0.0SX 8080 4 0.038* 34,000- 8828 kg-tsai. 
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Tho diffwvnco IxTween tho thermal value of the elementary 
constituents and the thermal value of tho, fuels is the heat of 
formation of the respective fuels (see Table LXVI). 


Tahiti lxvi. 

FORMATION II MAT OF FUMLS. 


Wood_ 

IVat. 

LtKm'U* 

Hitummoim coal. 
Ant hracite. 


I fiOKO 4800 1280 kg-cul. 

| 08 07 (500 0 8 07 -kg-csd. 

7445 0800 045 kg-citl. 

8820 7000 420 kg-e.nl. 

i 8520 8800 220 kg-ciil. 


The heat of formation decreases with the increasing thermal 
value. 

To get an idea about the quantity of fossil fuel produced from 
wood wo have to consider the gases enclosed in the coal, as those 
gases are also produced in the carbonizing process. They are 
mainly methane, carbon dioxide and nitrogen. The latter 
proves admission of air to tin* coal deposits. Relative' to the 
first two gases wo find carbon dioxide mainly in younger coals 
(lignite) and methane in the older coals (bituminous). We 
therefore have in the younger coals mainly a formation of (X) 2 
(heat of formation SOSO cal. per kg. carbon), in the older coals 
mainly of 0H« (heat, of formation ISM cal. per kg. carbon). 
Besides this the formation of H,() (84,000 cal. per kg. H 2 ) and 
of small quantities of heavy hydrocarbons (0 3 II 4 ) can take 
place. 

Since in tho progressive process of coal formation, the heat 
of formation of the elements decreases, while the heat of forma¬ 
tion of the generated products of decomposition has a con¬ 
siderable positive value, the heat balance of the coal formation 
is equal to the difference of the heats of formation referred to. 
The balance therefore will be positive if the heat of formation of 
the products of decomposition is greater than the decrease of 
the heats of formation of the fuels. 9 For getting this effect only 
a very small amount of C0 2 , H a O or 0H 4 is required as is shown 
in Table LXV1I. 
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TABLK LXY1L 

DATA OK THD FORMATION 11 MATH OF FFFLK 


DiflVivner bidwiH'n the Rent of Formation of Wood 


nils Amount of i*orro.;4|Hmds 

to Urn it«'4t of lor mat ton of 





Ft» 


> 

< 



and 

\ 

l k« fill 

lit 

IVt 

rrnt **«»» || 

\\ «l 

, uf ill*’ Ol JKtiml 
\\ ood 

Fuat......... . 

.... I 473 

f» 


. r ; I 4S 

IL 

25 

V\ 

(' 

Lignite........... 

., tlllB 

7, 

H r ; 

. v M ,r; 

IL 

:i4 

« r ; 

r 

Bituminous coal... . .. 

. . . ■ 854 

10 

ft'*; 

,<• . 2.5 r ; 

IL 

40 


e 

Anthracite 

10.14 

12 

o r ; 

v \ ;i vi 

IL 

57 

4 r ; 

r 


There is also corresponding to the* 


Tim Formation of 


Difference between Hout of For tout ion of 


Font and lignite.. 

Lignite and bituminous coal __ 

Bituminous coal and anthracite ., 



! I!,<> , 

cn, 

From hi Fi-fd 

t%r rent j 

!%,f | 

IVr win 

1 CM 8 ! 

Cl 5 IL j 

K JH’ 

*2,7 V 

i 0 « IL 1 

ii.or 

i r>v ■ 

1 ci «f 11, ? 

hi or 


If these figures are compared with the difference in the average 
composition of the various fuels, we see that the formation of 
coal takes place accompanied by the generation of heat. 

For forming an approximate idea of the quantitative changes 
during the transformation of wood into coal, we an* going to 
deduct the changes from the average composition of the different 
fuels, following Grmeback’x (hypothetical) table. 

We therefore have for the formation of bituminous wood: 


There is given off: 


<yw> M •*“ wood. 


(a) with absorption of oxygen 

of the air II,. 

(/?) directly from the wood-sub¬ 
stance 3 (X),.. 

there remains. 


<w>. 

LglROi. bituminous 
wood. 
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For the other kinds of coal we can imagine the process of 
carbonifieation as follows: 

2 (CsjUmOJ = wood. 

Thero is given off from wood 

2 (d (X)., h 2 II./)).=2 (a ! H/) 8 ) 

there remains. 2 (CWOh) = peat. 


From peal is given off: 

(a) with oxygen of the air 4 II,] 

(ft) direct (> 11,0 -\- 2 00 ,.j 

there remains. 


From enrthy lignite ia given off: 

(«) by reaction with oxygen] 
2 (('4 + II 4 ). 

(ft) direct SCO,. J 

thert*. remains. 

Therefrom given off direct 4 0,11 4 
there remains. 


2 CIV), 

2 (OafijoO,) =» earthy lignite 
(brown coal). 

2 (0,II 4 <>.) 

'2 (UJ V)) - splint coal. 

iccjrj. 

2 T) 20 H 18 6 ) = cannel coal. 


From this ia given off: 


(«) by reaction with oxygen 

. 

(ft) direct. II a (). 

there remaina. 


C4JI.eC 


sand coal. 


From this ia given off: 

(«) by reaction with oxygen' 

7 11,. 

(ft) direct H,(>. 

there remaina. 


H.eO 

C 40 graphite. 


This enables us to calculate the quantity of products of trans¬ 
formation obtained from wood aa given in Table LXVIII. 

From Table LXVIII we can calculate the heat of formation 
of the different fuels aa given in Table LXIX. 
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TABUS I.X.VUI. 

[•RODUOTH OK TRANSFORMATION ORTA I.Villi Kl« »M WOOD 

KoIUl ‘ iiilM'-S I ivllrtull'll kl!. 

8ul>»(uati- ‘ —_____.. . 

I, ' 1K ' 1 - k«, j CO, j <\H, H.I‘ 


Wood. 1 

l>ea|. 0.7S17 I) 1«« 0 043 

Karthy liRiiito. 0.(174 0.053 0 Kill 

Splint coal. 0.308 0.435 0,043 

(lannol coal. 0.333 0 0(17 

Sand coal. 0.300 0 100 

(1 rapid to. 0 200 0 0H6 

Bituminous wood.. 0 K3H (I 159 tl 022 


I. Wood. 

Heat of formation of wood. P2.H0 kg-cal. 


II. Peat. 

Heat of formation of 0.707 kg peat . . . til.'I kg-cal. 

Heat of formation of 0.159 kg (X), 317 cal.1 r . _ , . 

Heat of formation of 0.042 kg 11,0 170 eal.} *’ / ' 

Heat of formation of wood mimiH heat of form. 

(peat -h (X), f H a O). 120 kg-eal. 


The transformation taken place with a consumption of outside 


energy. 

III. Lignite. 

Heat of formation of 0.074 kg lignite.. 

Heat of formation of 0.053 kg Ot > # * 112 call 

Heat of formation of 0.109 kg H a O 40K oal.j 
Heat of formation of peat minus heat of form, 
(lignite + 00, + H,0). 


435 kg-eal. 
521 kg-eal. 

313 kg-eal. 


The formation of lignite from j>eat takes place, accompanied 
by the generation of energy (heat). 


IV. Bituminous Coal. 

Heat of formation of 0.340 kg coal.. 147 kg-eal. 

Heat of formation of 0.425 kg (X), ■*» 937 eal. ] 

Heat of formation of 0.041 kg 0 a H, - - 27 cal. •. 1206 kg-eal. 
Heat of formation of 0.079 kg H,C) « 296 cal. J 
Excess of heat generation over the difference of the 
heat of formation of lignite and coal « 1206 - 
288. -918 kg-eal. 
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Not considering bituminous wood wherein we lind similar 
conditions as in peat, we have the following excess of heat in the 
transformation of: 


1 kg wood in 0.797 kg peat.— — 120 kg-cal. 

0.797 kg peat in 0.074 kg lignite.-|- 314 kg-eal. 

0.074 kg lignite in 0.340 kg bit. coal.+ <)1S kg-cal. 

0.797 kg peat in 0.340 kg bit. coal.+ 1231 kg-cal. 


These figures are not absolutely correct, as we have supposed 
only the formation of (X) 3 , 0 2 II 4 and H 2 (), while according to 
analysis, especially of bituminous coal, 011 4 plays an important 
part. The heat of formation of 0 2 1I 4 , however, is - 042 cal., of 
0II 4 1 <333 cal. per one. kilogram of carbon, so that we gain + 2475 
cal. for every kilogram of carbon which is transformed into CH 4 
instead of 0 2 H 4 , while we lose 0247 cal. for every kilogram of 
carbon, which escapes as 01i 4 instead of C0 2 . Taking even this 
most unfavorable possibility by supposing that in the process 
of carbonifieation exclusively CII 4 and H 2 and no 00 2 at all is 
generated, we still get the following quantities of heat, which 
are product'll by the reaction 


l kg wood in 0.797 kg peat. — — 138 kg-cal. 

0.797 kg peat in 0.074 kg lignite. *= + 240 kg-cal. 

0.074 kg lignite in 0.340 kg bit. coal. = 4- 333 kg-cal. 

0.797 kg peat in 0.340 kg bit. coal. — + 579 kg-cal. 


Similar results were obtained by F. Toldt and F. Fischer. 






CHAPTER XL 


PEAT, 

Pioat is the. youngest meml>er of the fossil fuels, and tlie result 
of the first stage of earlxmareous transformation of vegetable 
matter. It eonsists mainly of decayed moss and plants growing 
in hogs and swamps. The' peat deposits ran lx* classified accord¬ 
ing to Stentrupp in forest, meadow and high lw»gs, While the' 
first is composed of decayed trees and forest plants, the 1 two 
others can be described (Griesehaeh) as follows: 


MoNH-poat... . 

Heath-peat... 

Meadow-poat. 


Main eomjtont'iUH j i irrntiiiirt’, 


Sphagnum varieties. ^ j In all I mu*. 

Roots ami trunks of Erica let ml i % j lii high btaec 
and Calluna vulgarin, j 

Root* and trunk** of Olnmame,.. j In ttt«*iMiow-!»c»gt*. 


F. Hchwackhoefor proposes the following classification: 

1. High bogH (heath ami moss lx>gn) an* found in higher alti¬ 
tudes and are charaetertood by swamp-moss (sphagnum), heath- 
plants (Oalluna, Krica, Andromeda and Varcinium), also by the 
occurrence of mountain pine (Finns pumilisi. The ground in 
generally (day and lays alx>vc the level of summer water. The 
surface is always curved. In Home localithw the l mg in 10 to lf> m. 
thick. 

2. Low bogH (meadow-bogs) are found in the territory of 
rivers, creeks and lakes, and consist of plants* entirely different 
from the high bo#(, since nwamp and heath plants are entirely 
absent. liesides Home Hypnum varieties, mainly Hour grasses 
are found in this kind of j>eat. The ground in chalky ami lx*low 
the level of summer water. The layers are not ns thick an in 
high bogs. 

There are many connecting links Ixstween these two main 
groups. Without taking into consideration the origin and 

HW 
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occurrence, |)eat c.an bo. classified according to its appearance 
(Karniarsch) as follows: 

A. Turf-peat (white or yellow). 

B. Young brown and black peat. 

(a) Fibrous peat. 

(ft) Root,-peat. 

(r) Leaf-peat. 

(d) Wood-peat. 

C. Old peat. 

(a) Earth-peat. 

(ft) Pitch-peat. 

A . Turf-peal. Grayish yellow to yellowish brown color is also 
(‘ailed white or yellow peat. Its constituents can be distinctly 
recognized in the white, spongy, elastic, fibrous mass. Enclo¬ 
sures of roots are rare. 

li. Young brown and black peal. While the darker color shows 
a further progress of carbonaceous decay, the organic constituents 
can yet be distinguished. 

(a) Fibrous peal seems to bo formed by further decomposi¬ 
tion of turf-peat. The. fibrous structure is preserved, but 
the. fiber is more brittle and partly earthy; shows less 
elasticity and is densely pressed by its own weight. 

(ft) Other kinds contain short fibers only, and are some¬ 
times earthy to a large 1 extent. 

M Thick, light brown, tough, long fibers (fibrous peat). 
(p) Containing roots and stems (root-peat). 

(7) Containing dried and decayed leaves (leaf-peat). 

(d) Containing pieces of coarse wood (wood-peat). 

(J. Old peat The 1 , original organic structure can hardly be 
distinguished. On account of the progress of decomposition the 
fibrous texture has gone over into earthy structure, occasionally 
of such density that the peat shows a sharp and brilliant fracture. 
Organic residue such as roots and stems are rarely found. The 
color is brown to pitch black. The strength varies considerably 
from brittleness to extreme hardness. Accordingly old peat is 
classified into the following varieties: 



///.;.ir i:\ euc ) .1 \t> eeei .< 


{a) Karth-peat (to which a No l>eltiiig < Irau peat ami swamp- 
peat.) with earthy texture, rough fracture and practically 
without fibers. 

(/>) Pitch-peat, dense, heavy, strong and with smooth frac¬ 
ture. The average compositioii of pent is given in Table 
LXIX. 

Forstel Inis published the following complete analysis of a peat 
from Upper Austria: 

I. Components soluble in water 
(a) Organic substances with traces 


of ammonia 

( b ) Inorganic, substances 


l.oO per cent| 


0.15 jH>r cent! 


Al,<>, 


CaS() 4 0.04 per cent l . 

NaCl 0.01 per cent ‘ 

Mgtll a (U)l iK*r cent 0<lf J 
Fe,() a 0.0. r > per cent 1 

AljOg 0.01 per cent 

LiO, 0.00 per cent 

II. Components soluble in hydrochloric acid. 

(a) Organic sulwtances with traces 

of ammonia 0.1b per cent 

(b) Inorganic substances: 

P a 0 8 .1.07 [Kir cent | 

OaO.1.05 jier cent b.07 jx*r cent 

MgO.O.bO per cent 

Fe a O,.0.12 per cent 2.94 jxtr cent 

MnO.0.04 per cent 

Al a () g .0.31 per cent 

Li() a .0.0f> [H'r cent 

III. Components insoluble in water and hydroehlorie acid: 
(a) Organic 


Ulmic acid. 

. .22.00% 

Ulmie <!oal. 

. .:mjo% 

Resin. 

.. 4 . 10 % 

Wax. 

• • U40% 

Vegetable liter. 

.. 1(5.22% 


(b) Inorganic. 

(c) Water ... 

Sum 


79.02%} 93.30 per (tent 


. 0.29% 
. 14.05% 
98.08% 
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TABLE LXIX. 

AVER AGIO COM POSITION OF PEAT. 


Web,sky. 


Hehwaek- 

hfiofor, 


Schaerer. 


Mars illy. 


Knapp. 


Composition in IVr c(*nt. 


Air Dry. 


II. . .. 
().... 
N . .. . 
II a <). . 
Ash.. 


49.6 03.9 
| 4.7 - 6.8 

28.6 44.1 
0 . 0 - 2.6 


Air Dry. 


Free of Water and Ash. 


50 60 
5 - 6 
30 35 
1 - 2 
10 *20 
r> io 


45.0 

50 54 

59.10 

4.7 

7 - 6 

5.83 

25.3 

| 43 -40 

\ 35.16 

25.0 

) 




The ash-content of peat varies from 1.50 per cent and has the 
following average composition: 


Sand and clay (mechanically admixed). 5.70% 

Silicic acid (from plants containing silica). 1.30% 

Lime (combined partly with (X) a , partly with H 2 S() 4 ) 10.50% 
Oxide of iron. up to 50% 

Only traces of chlorine and alkalies are present. The content 


of phosphoric acid sometimes exceeds 0 per cent, which has to be 
considered. A considerable amount of sulphuric acid may also 
bo present. 

The specific gravity of peat varies according to structure and 
quantity of ash. Karmarsch found: 

Turf-peat. 0.113 to 0.203 

Young brown peat. 0.240 to 0.076 

Earth-peat. 0.410 to 0.902 

Pitch-peat... 0.039 to 1.039 

By dressing (mechanically purifying) the specific gravity can 
be increased to 1.3 to 1.4. 

Peat is easily ignited (easier, the looser the peat). Very 
porous varieties show a point of ignition of 200° C. 

Peat bums with a long smoky flame. 
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The thermal value of peat is ns follows un calories); 


Peat with 30 per cent water ami 1U per cent ash 21KKI Seheerer 

Peat with 25 per cent water and five of ash. .'SHOO Seheerer 

Peat with 0 per cent water and 15 per cent ash 1110 Seheerer 

Peat with 0 percent water and 0 jxv cent ash 5250 Scluvrer 

Dry peat free of ash. 52511 'runner 

Dry peat with 4 ]>er cent, ash. 5000 Ttmner 

Dry peat with 12 jx'r cent ash. H>xt> 'runner 

Dry peat with 30 per cent ash.. Hi Tunner 

Peat with 25 per cent water.. .’fX(K) '1'tmner 

Peat with 30 per cent water... . .Tl 13 Tunner 

Peat with 50 per cent water. ’21H2 Tunner 


On account of the low sjx'cifie gravity, the large amount of 
water and ash, which increases the cost of transjtortation, also 
on account of the great variety in quality, jteal is only of local 
importance as a fuel. 

Lately peat has been used as a disinfecting material and for 
coarse textile products. 

Production of peat. 

1. Cut peat. Peat of sufficient consistency is cut out in the 
shape of bricks. For the purjsise of digging a socially shaped 
spade is used, with a wing at one side, in order to rut out rect¬ 
angular blocks. 

(а) Peat cut by hand. 

(a) Horizontal cut. The bricks arc cut out horizontally. 
(/?) Vertical cut. The bricks are cut out vertically. 

(б) Peat cut by machine, (('titling machine systems, 
Brosowsky, Dies bach and Hodge.) 

The cut peat is either dried in piles in the air or by arti¬ 
ficial heat. 

2. Molded peat (drag jx*at). Peat which is too earthy (dry) 
or too swampy (wet) cannot be cut. If of suitable consistency 
it is molded (formed) directly, otherwise after previous moisten¬ 
ing (in moistening boxes) or desiccating (in tanks or on dry 
earth). The molding is done as follows: 

(o) The wet mass of pent m distributed on level ground 
fenced in by boards. The peat is given pmjter consistency 
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< >rigid. 


Cappoge, Ireland, 

Kulbeggen, I reluud 

Philips! own, Ire¬ 
land. 

W(K)(i of Ailon, Ire- 
land. 

Vulenire, near Ab¬ 
beville. 

bony, near Abbe¬ 
ville. 

Framont.... 


Kammstein, 
HhtilnfallM. 
Stein wendon, 
Rheinfalls. 
Niedermoor, 
Rheinfalls. 

Prussia.....,. 


Friesland. 
Friesland. 
Holland... 
Bremen... 


Bremen.. ... 

Sohopflooh, WUrt- 
temberg. 
Himlelfingen, 
WOrttemherg. 

Baden... ....... 


Berlin, Havelmti- 

der. 

Berlin, Havelnie- 

der. 

Hamburg, Moor 


O run* wait l .. 
liars........, 

Mar* ...... . 

Umm.,,, ,. 

HundamOhl,, 


TABLE LXX. 

ANALYSES OF PEATS. 


Itaspalmoor.. .... 

N oust Idler Hilt to 
Montangur,... 

Nsufahatal. .... 

Kolbtinnoor...... 

Hwftwirlancb , . . 
Hehtman , . , , 


Composition of Dry Peal . 


( 

! 


If 


N 

( 

) 

Ash 

p 

er 

Per 

1 

Vr 

V 

er 

Per 

(’(till. 

C 

eul 

C 

lent 

I Cent 

Coni 

31 

09 

6 

.85 


10 

.55 


2,55 

61 

.04 

0 

.87 


30. 

46 


1.81 

58 

.69 

6 

.07 

1 

.45* 

TTz 

88 

1 1.90 

61 

.02 

5 

.77 

0 

,81 

12 

.40 

1 7.90 

57 

,(b 

5 

,61 

2 

,00 

29 

.67 

5.58 

58 

09 

9 

.0) 


11 

77 


4.61 

57 

.79 

6 

11 


30 

37 


3 31 

62 

19 

6 

.20 

1 

.66 

27 

.20 

270 

57 

90 

6 

90 

I 

,75 | 

31 

.81 

2.04 

47 

90 

9 

8 


42 

,80 


3.50 

50 

,13; 

4 

,20 


3? 

IT 


8.20 

to 

t 

<> 


to 


to 

55, 

,0! 

9, 

,36 j 


n 

.24 


2137 

57, 

,16 

5 

65 


n 

30 


3.80 

50 

,86 

5 

« 


n 

tT 


0.91 

50 

83 

4 

64 


30 

75 


14.25 

37 

,84 

9 

85 

0 

0 ?“ 

12 , 

76 

2.6 

97 

01 

3 

, 9ft 

1 

.07 

34 

15 

1.57 

91 

99 

3 

00 

2 

71 

30 

32 

830 

45 

44 

9 

28 

1 

46 

26 , 

,21 

21 60 

4ft 

73 

3 

97 

0 

67 

26, 

87 

0.89 

to 

I 

o 

to 

to 

to 

60 

79 

7 

01 

0 

13 1 

r 40 , 

01 

1476 

% 

4 ) 

l 5 

32 


18 

TT 


9.86 

5 ) 

51 

i 9 , 

00 


To! 

39 


6.60 

5 / 

20 

9, 

12 


Tt! 

,56 


2 . 3 ! 

40 , 

,88 

0 

5 

1 l 

10 

42. 

42 

372 

50, 

86 

3 

80 

0. 

,77 

42 . 

70 

0,97 

62 . 

54 

0 

81 

1. 

41 

29 , 

24 

1.09 

99 , 

,47 

6 , 

12 

2 . 

51 

31 . 

51 

1833 

59. 

,70 

9 

70 

1 

56 

33 , 

04 

2.92 

38 , 

.91 

5. 

72 


Tl 

35 


8,43 

50 

61 

5. 

41 


7e 

64 


3 32 

54 . 

01 

4 

84 


28. 

96 


1239 

46 . 

78 

4 , 

18 


28 , 

56 


20,28 

58 

51 

8 , 

17 



32 


4.21 

40 , 

10 

4 , 

51 

2. 

£TT 

21. 

51 

7.87 

31 , 

38 

6. 

49 

1 . 

68 1 

35. 

43 

5.02 


[Mois¬ 
ture 
[>f Air 
Dried 
Peat 




16.7 
16.0 

17.0 

13.17 

to 

21.7 


Sp(l 


Properties. Authority 


0.-405 

0.619 

to 

0.072 


20.0 

18.0 

11.77 

to 

18.35 

17 . 63 : 

19.321 

18 . 83 , 


13.501 

10.31 

17.11 

15.72 

15.50 

23.17 


Palo, red- 
brown. 

Dark brown, 
dense. 

Dark brown. 

Same. 

Incompletely 

decomposed. 

Solid and 
dense. 

Somewhat 

lighter. 

Light, felly 
mass. 


Dense.. 
Light. 


Dark brown, 
dense, heavy 
Same........ 

Dark brown, 
dense. 

Same 


1.07 


Pressed-peat, 
.Do. 


Peat prepared: 

after Challe-j 
ton. 

Same 


Mulder 
.Do. 
.Do. 
BrUunin- 


Newsier 
; and 
Petersen 


Heavy, dense, 

brown. 
Light, loose. 

lied brown, 
heavy 


Websky. 

...Do. 

...Do. 

.. .Do. 
...Do. 


Kraut. 

— Do. 

...Do. 

...Do. 

Wagner. 


PreuMd-peat. 

Sam®....I Goggele- 

Very dense...' Jacobian. 


♦ Calculated fret of aah. 
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by evaporation, trickling; of tin 1 water into the ground, 
l>y pounding, treading ami lx*ating, 'Hie iioards are then 
removal and the mans eut with sharp knives into n*gular 
bricks. 

(b) The mass, compressed from the top is lieaten into forms, 
(«) Containing only one brick dieaten j«*atK 
(ft) Containing space for several bricks (molded jteat). 

3. Machine peat. 

(а) Without pressure (machine js>at pmjiert, The eut {teat 
is formed into bricks and dried. Occasionally it is pre¬ 
viously carded so as to get a denser product, 

(б) With pressure (pressed js'ath 

(a) Dry pressed: small-sized jH*at is sifted, dried by heat, 
and briquetted in a heavy brick press, riueh |>eat, is 
expensive on account of the cost of drying and is dis> 
integrated by heat. 

(/?) Wet pressed, most of the water is removed by pressure. 
There are many constructions of jieiit-briek presses in 
successful use. 

Peat molded in the form of balls or eggs is very movement to 
handle and makes firing easy. Analyses of some dry jieats an* 
given on page 171. 
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BROWN-COAL (LIGNITE). 

Bkown-coal is the next stage of carbonaceous decay and was 
formed mostly by transformation of plants rich in resin (conifer¬ 
ous trees, palm tree and cypress; later, also leaved trees). 

The specific, gravity of this coal varies from 0.8 to 1.8 (in coals 
very high in ash), but in most cases from 1.2 to 1.5. It has 
various colors, and the touch is generally brown. In the air 
brown-coal easily alworbs oxygen and evolves carbon dioxide, 
whereby on account of the loss in carbon, the thermal value is 
decreased; at the same time the temperature is increased and in 
large piles causes spontaneous combustion. 

Brown coal does not occur before the tertiary period. The 
gases found in brown-coal deposits consist generally of carbon 
dioxide (not of hydrocarbons as in soft-coal deposits). Zitowich 
published the gas analyses of such coals (Table LXXI). 

TAltLK LXXI. 


ANALYBH8 OF (5ABEB FOUND IN 

brown-coal. 

(Zitowich). 


In Bohemian Oil wit-Brown Coal. 

In Earthy Coal 
of Inferior Quality. 

• •• 

(K>. .... . ... 

N... ... . .. ... ■ 

().... 

MM 

1.80 

8,03 

0.51 | 

82.40 

3.00 

14.15 

0.45 

83.99 

1.04 

14.91 

0.65 

Hum ., 

8 

100 00 

100.00 

100.59 

i.. 


Oitftwt from: 

Julii»»MIrw In Timex (Bo- 

Coal from 

Coal from 

horn la). 

Ronalta, 

Hablchtswald. 

. . . 

37.62 

35.13 

31 

91 

(JO. , ... ... ..... . 




9 

OIL,.. ., .. 

33.34 

29.04 

36.06 

30 

N,.. 

28.81 

20 


o .. ,. , , . ,, ,, 


CUI .... 



19 


' 3* Ml * * • 




m 
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While previously the hro\vn-e<mis were classified as lignite or 
fibrous brown-coal, earthy bmwu-eoal and eonehoidal brown- 
coal, Zinkcn has suggested the following classification: 

1. Common broim-coal. Compact, more or less dense and 
strong. The fracture may vary in character from dense to 
earthy; in structure it may 1 m> more or less eonehoidal; in appear¬ 
ance it may vary from dead to slightly brilliant; in color from 
light brown to dark brown, and light-brilliant touch. This coal 
is between earth coal and pitch-coal, and is produced in all sizes. 

2. Earth;/ brown-coal. More or less brittle, light to dark 
brown, showing dead, uneven fracture, without any organic, 
structure. The lighter varieties hum with a long, the dark ones 
with a short, but intense flame. 

3. Lignite or fibrom brown-coal. Mom or less fossil wood- 
substance, yellow to dark brown, sj«*eifie gravity 0.f> to 1.4, 
fracture depending on the nature of the wood, 

4. Slate-coal. Slaty, dense, dark-brown to black. 

5. Paper-coal. Thin, clastic layers of gray to dark-brown color. 

6. Leaf-cod. Funned of very thin leaves of plants, 

7. Reed-cod. Reed-like strips formed into rihtxm dike layers. 

8. Moor-cod. Compact without wood-texture, of even, 
uneven or eonehoidal fracture, sometimes slaty, mostly loose, 
spongy and brittle; dark brown to pitch black. Sj«*cific gravity 
1.2 to 1.3. Occurs mostly in the lower part of lignite deposits. 

9. Pitch-coal. Compact, brittle to tough, mostly weak, blaek- 
brown to pitch black; has the lustra of pitch or wax. Brown 
touch; fracture imperfect to eonehoidal. Bj>eeific gravity 1.2 to 
1.3. Occurs near volcanic. nx:k«. 

10. Luetre-cod. Compact, eonehoidal, jet black, very brilliant. 
The hardest and strongest variety. Sjmcific gravity 1.2 to U». 

11. Oagd (from the river Gages in facia). Dense, eonehoidal, 
pitch-black. Bo strong that it can lx< worked into ornaments. 

12. Stalky Immm-cod. lake common brown coal but stronger. 

The average composition of brown coals is; 

Carbon. 30 to 03 j«*r cent 

Disposable Hydrogen. 1 to 2 per cent 

Water chemically combined. 20 to 30 j«*r cent 

Water hygroscopic... 10 to 23 per cent 

Ash. 3 to 10 per cent 
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The quantity of nitrogen present is nearly always less than 1 
per cent. The quantity of water varies as follows: 

Fresh-mined coal. 30 to 40 per cent 

Sometimes up to. 60 per cent 

In air-dry coal. 10 to 30 per cent 

Coal which lias been completely dried at 100 degrees absorbs 
in the air from 10 to 16 per cent of moisture. The ash varies from 
1 per cent to over 50 per cent; it may contain from 1 to 2 per cent, 
and sometimes more, sulphur combined with iron (detrimental 
sulphur). 

The organic components in brown-coal are mainly ulmic acid, 
its derivatives and resinous substances. Otherwise the compo¬ 
sition varies considerably even in coals from the same mine. 

The following table shows the composition of some brown- 
coals : 

TABLE LXXII. 

COMPOSITION OF BR0WN-C0AI.S. 



Gas. 

Coke. 

Composition of Coal In Per cent. 

l 

u 

1 Jf 










Sulphur. 

Place. 

Yield. 

Per cent. 

O 

H 

0 

N 

H t O 

Ash. 

i 

rO jQ 

a S 
6 

I. Austria Hun¬ 
gary: 

(1) Htyria: 

Johnsdorf.' » 

T r%#*m ; 

25.73 

30.07 

63.32 

54.82 





0.03 

4.92 

0.90 







10.77 

4.34 



..... 

Trifail...... 

40.95 

3.67 

16.93 

0.97 

20.16 

8.43 


1.04 

4380 

(2) Bohemia: 
Teplits.,. . 



44.93 

8.21 

12.51 

0.84 

34.28 

4.43 


0.50 

3925 

Dak........ 



50.12 

4.00 

13.14 

0.05 

25.50 

6.53 


0.93 

4630 

II, Germany. 


20.0 

77.04 

03.42 

74.19 

72.19 

58.50 

7.85 

14.51 







JuUnmvll * * * * * • 

t lol t\ 


4.98 

27.11 




.... 



...... 

III. Fmnm. 

n«>v 


46.0 

48.0 

5.88 

20.13 







Middle Alyaes 
IV. Ireland: 

T .ai i ivli XT Aft ft* Vi 


5.30 

6.95 

22.45 








20.85 







JLlO 'ifeN * 










As can be seen from the above table the composition of brown- 
coal of the same origin and mine varies considerably. It is, 
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therefore', very diilieult to got an exact average sample fur analy¬ 
sis. For determining the non-uniformity in the composition, 
the author broke several small pieces from a piece of coal (of 
Jolmsdorf) about the size of a list. The results of the analysis 
are given in Table LXXI1I. 

TABLK LXXIII. 

COMPOSITION OF Bill »\V\ C<»U,S 


No. of Tost. 


Average.. 


Permit wre of 

H,VKTom>jvir 

Moihturt*. 


8.49 

8.02 


77 

03 

87 

13 

17 

24 


7.91 


Y 1*4*1 fit t *ii~N 


28 57 

29.07 

27.95 

28 41 
31 07 

29 70 

28 HI 

31 m 


29.52 


I Vrmif «$,*»• t»f 

Coa! 

Iltlllt 


53.85 

53 m 

54 79 
54 15 

52 HI 

53 27 
53 21 

5i m 


ivimtiitm* of 

AnI», 


II. 09 
9 34 
9 411 

9 hi 
i 15 
II 94 

II HI 

II 32 


511.33 


I 


II 117 


Another series of tests with the same piece ure given in 

Table LXXIV. 

TABLE LXXIV. 


COMPOSITION OF IIIIOWN43IALS. 




Weilfht of ttir 

Umi Britt fits 



III OfilffW, 

No. of Tout. 

Crams 1!j#mL 


. vv 



farm If 

Found. 

j IVr I i: 11**4 

1 

UK) 

21 IIS 

ai »k , 

2 

1.00 ! 

n III ! 

n :ii ! 

3 

5.00 

no so i 

23,08 ! 

4 

5.00 

109 38 

21 KK : 

5 

5.00 

111 fill 

22 795 1 

0 

5.00 

111 30 

n m ! 

7 

5.00 

111.08 

23 m 

8 

5.00 

115 42 

an m 1 

9 

5 00 

no oo 

n 02 | 

10 

| 5.00 

112 52 

n 50 j 

i 

Average.. 

! . 


22 3045 





thtyifeti in k«» 
Ttonwretimlly 

Ilrt|iiirni fur 
liiirtiltiK I ktr 
nt Fin4. 


I 5990 
I 7245 
I 7052 
I 0910 
1 7252 
I 7210 
I 7209 
I 7841 
I 7021 
1 7393 


1 72 ISt 
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Table LXXV gives several analyses of brown-coal ash. 


TABLE LXXV. 

COMPOSITION OF BROWN-COAL ASH. 


Coal Ash from 


Analyst-. 


8iO a .. 

BO,... 

co a ... 

Al/).,- 


Mn().. 
Mn a () 4 . 

OaO. 


MgO. 

K t O...... 

NiuO. .... 

Chlorine.. 


Krern- 

c‘rn. 


3.12 

9.17! 


29.50 

32.18 


20.56 
2.16! 
0.99| 
1.72 


99.40 


! 

cu 

w 


Var- 

mi- 

trapp. 

17.27 

33.83 


11.57 

5.57 


23.67 

2.58 

1.90 


96.39 


l£ 

o 

o. Kot, 

tl«. 


20.67 

15.45 


13.521 

1.23| 


45.60 


1.67 

1.86 


100.00 


W 

Hon- 

non- 

scliuln 


36.01 

12.35| 


23.7 

5.05 

1.13 


15.62 

3.64 

2.38j 

0.38 

1.55 


101.81 


5 c 

6 § 


20.5 

30.3 


14.7 

18.1 


10.0 

3,4 

1.9 


98.9 


J 1 


% 


I 


Jiiptnor 


2.88 


0.23 

Trace 

14.62 

39.28 


7.43 

34.15 

0.94 

[o.47| 


100.00 


13.47 


0.13 

17.47 

5.32 

15.96 


19.86 

15.67 

0.38! 

[ 11-71 


100.00 


2.52 


0.15 

10.86 

12.17 

45.44 


2.35 

16.60 

Trace 

1 9.91 


100.00 


Total.... 

























CHAPTER XIII. 

BITUMINOUS AND ANTHRACITE COALS. 

A. Bituminous Coau. 

Thk older fossil coals, ordinarily called bituminous coals, arc 
mostly black in color and have a high lustre; no organic structure 
can be discerned without a microscojx*. The fracture varies. 
The coals are not hard but brittle. 

In destructive distillation they yield more solid residuum and 
less water than the fuels previously treater 1 and their temjrera- 
ture of ignition is higher. 

The great commercial importance of bituminous coals early 
caused their division into groujis, many different schemes being 
proposed. 

Schondorf based his classification on the coking quality: 


Coke rough. / looms...... ......... ... ... ... I. 

fine, sandy < molten hard, Iooho in the winter . U. Molten 
and black. (molten hard all over ... . . . ..HI. Hintcr ctnil, 

Coke gray and solid, opening like a hud,... , III. Btikwi^iiitcr-mml 

Coke smooth, metallic, strong ..... .V. Baking coal. 


Gruner based the following classification on the character of the 
flame: 

I. Long-flame sand-coals (sand-coal rich in gas) can lie used 
for reverbatory furnaces and as inferior gas coal. They bum 
with long, smoky flame, crack in the heat, and disintegrate 
without baking. 

Sand coal. —Composition of coal sulwtanee: 

0 75 to HO |x»r cent 

H « 5.5 to 4.5 jx*r cent 
0 + N 19.5 to 15.5 per cent 

The ratio of (0 + N) to H equals3 or 4. 

By destructive distillation these coals yield from 50 to 60 per 
cent of sandy to slightly molten coke, evaporate from 6.7 to 7.5 
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times their weight of water and have a thermal value of 8000 to 
8,100 cal. 

The soot-coal, which is of fibrous structure and contains only 
8 per cent of hydrogen also belongs to this class. 

II. Long-dame baking coals (long-dame caking coals, gas-coals, 
sinter and baking coals rich in gas) arc used mainly as darning 
coals and gas-coals, kiss suitable for coking (however, in special 
ovens a coke of medium quality can be produced). They burn 
with a long, smoky dame, get soft in the heat and fritted. (Coals 
standing in quality between these coals and the long-dame sand- 
coals are called sinter-coals). 

Composition of coal substance: 

C = 80 to 85 per cent 
H = 5.8 to 5 per cent 
O + N -= 14.2 to 10 per cent 

The ratio of (O + N) to II equals 2 or 3. 

Coke residuum of destructive distillation 60 to 68 per cent (per¬ 
fectly molten, not baked). These coals evaporate 7.6 to 8.3 
times their weight of water and generate 8500 to 8800 cal. 

III. Baking coals proper (medium-dame caking coal, forge 
coal), especially adapted to coking, gas making and heating. 
Bum with less smoke and more brilliant dame than the previous 
kinds, melt in the heat and bake together to solid masses. 

Composition of coal substances: 

C ■*> 84 to 89 per cent 
II « 5 to 5.5 per cent 
0 4- N - 11 to 5.5 per cent 


Coke residuum by destructive distillation from 68 to 74 per 
cent; the coke is molten and more or less puffed. These coals 
evaporate from 8.4 to 9.2 times their weight of water and generate 
from 8800 to 9300 cal. 

IV. Short-dame baking or caking coals (coking coal poor on 
gas). Best coking and boiler coal. Difficult to ignite, burns 
with an illuminating, short, slightly smoky dame. Cakes some¬ 
what in the heat. 
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Composition of coal .substance: 

(1 SS to 91 percent 

II 5.5 to 4.5 per cent 

0 | N 0.5 to 4.5 per cent 

OIN ... 

- ^ alxtut. I. 

Coke-residuum of destructive distillation from 71 to X2 per cent. 
The eoko is molten, and compact . These coals evaporate from 
9.2 to 10 times their weight of water, and generate from 9200 to 
9600 cal. 

V. Anthracitic coals (poor in gas, older sand-coals). I'isjieeially 
adapted to shaft furnaces, l>oilors and domestic usi«s. Cannot lx* 
coked. Difficult to ignite; burn with short, weak and practically 
non-smoking flame. Cakes slightly in the heat and frequently 
disintegrates. 

Composition of coal-sulwtanec: 

0 - 90 to 9.2 jx*r cent 
II 4.5 to 4 |x*r rent 

0 | N 5.5 to 2 {xtr cent 

O 1 N ,.. . 


Residuum of destructive distillation from K2 to 90 per cent, 
slightly molten, mostly sandy. These coals evaix>rate from 9 to 
9.5 times their weight of water and yield from 9200 to 9500 cal. 

A similar classification was made by Hilt. If we determine 
the - ratio (in weight) of volatile matter to the coke dried 
at 100 degrees and free of ash, we get the results shown in 
Table LXXVI. 

TABLE LXXVI, 

CtAHHIKICATION UV «UI,. (Hilt,) 


Kind of Coal. 


11*1 Hi of IMtimmi, 

Iter iif A»H mu! Vti! ■ 

mmm. 


I, Anthracite ,.............. 

II. Bami-oaking winter-coal (poor in %w) 

IK. Caking or baking coal.... . < 

IV. Baking gan-coal.. . ..... . 

V. Sinter-coal rich in gun.,..,. . ...... 

VI. Hand-coal rich in go*.,, 


1 : m to I : ft 

I ; ft to 1 • ft S 

1:18 to t : % 

1:2 to I : 1 .IS 

I : t.S to I : IM 
j I . 1.21 to I • t.tt 
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Expressing the volatile matter as given in Table LXXVI in 
per cents free of ash, wc get the results given in Table LXXVII. 


tablio Lxxvrr. 

CLASSIFICATION OK COAL. (IlUt.) 


Kind of Coal. 


Volatile Matter. 
JPer cent. 


I. Anthracite. 

I I. Semi-caking coal. 

III. (hiking coal. 

IV. Baking gaw-coal. 

V. Sinter-coal rich in gas 

VI. Sand-coal rich in gun. . 


5 to 10 
10 to 15.5 
15.5 to 33.3 

33.3 to 40 
40 to 44.4 

44.4 to 48 


I)r. E. Muck based a classification on simple laboratory experi¬ 
ments. 

If a small quantity (about a tcaspoonful) of finely powdered 
coal is quickly heated, preferably in a platinum crucible, until no 
flame is visible at the cover, the quality of the cooled residuum 
varies according to the coal used, as follows: 


Powder, just like the coal-powder used. . I. Sand-coal. 
Somewhat molten, partly powder ...... TI. Molten sand-coal. 

Molten but not puffed.III. Sinter-coal. 

Molten, somewhat puffed.IV. Caking sinter-coal. 

Thoroughly molten and puffed up in a 

form similar to a potato. V. Caking coal. 


The properties are the satixe in using the fuel on a large scale. 
In heating under admission of air (grate-firing), I, II, and III do 
not melt; but IV and V do melt to such an extent as to clog the 
grate ofxenings, so that only I, II and III can be used under boilers 
and for household purposes. 

If melting (caking) coals III and IV are slowly and gradually 
heated, they do not melt properly and the coke-residuum is poor¬ 
looking, soot-black and strongly puffed. This also takes place at 
high temperature and too large an air supply, since the fusible 
coal substance is destroyed by long heating (partial degasifica¬ 
tion) and excess of air (oxidation). If caking coal is heated for 
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some time in the open air (to alxnit dOO decrees), it no longer 
cakes at all if afterwards heated to a high temperat ure. 

Depending on the fact, whether the coal sample is heated to 
high (normal test) or low temperature (pulling test) the eoke 
obtained shows different volume and color. After heating to a 
high temperature the volume is smaller than after heating to a 
low temperature. The color after the normal test is more or 
less brilliant, silver-white, after the puffing test black amt not 
brilliant. We find the same phenomena in eoke ovens at low 
and high temperature. 

Considering Insides the quality of tin* eoke, the fusibility and 
the flame of the coal, the classification given in Table I.XXVfll 
can be used (Muck). 

TAULK LXXVIII. 

cj,A HHI KI<-ATION OK <*OA!„S 


totality of Ccikc, 

Gravity. 


Pc»Wf!nr«l or I M 

fritted. 


Mol ton fitiil ri I M 

mmm t \ to 

I 13 

Moltoti mill j I 3 

compart. 


Mol ton, very I 3 

COtflftfMtt, * to 

rL LSI 

mou*. 

Frittaclorpow- I 31 
dared, to 

l A 

From those figures we see the relation and eoutieetioii iM^tweeti 

the properties of the coals and their chemical eompcwittunit. But 
there are also cases of isomerism where coal* of about identical 
composition show an entirely different behavior in heat. 


Klommtitry po¬ 
nd km of the ttoal, 
Dry unci Frw of A»ti, 
lit IVr w*nt. 


I. Dry bituminous 
coal with long 

flame. 

II. Baking bitum. 
coal with long 
flame, or gas coal. 

III. Baking coal 

proper, or forge 

coal. 

IV. Baking bitu¬ 
minous coal with 
short flame, or 
coke-coal. 

V. Semi-anthracitic 
coal. 


5.5 It .5 

to to 

4.5 15,0 

5.8 14.3 

to to 
5.0 10,0 

5.0 11.0 

to to 

5.5 5,5 
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TAIJLE LXXIX. 

OI,AHHI1'’I<!ATION OK OOAI.S. 


Occurrence. 


NicdorwuHclmitz, Saxony 

Zwickau, Saxony.!. .. 

Alma Mine, Klflz 4, Wont- 
plmlia. 

Pmudeut. Mine, Dickchank, 
Westphalia. 


CompoHition of Coal, 

Yield 


Dry and Frees of A.sh, 

of 


in Per eent. 

Coke, 

Quality of Coke. 




Per 


C 

II 

O+N 

eent. 


82.34 

4.73 

12.93 

66.43 

Handy. ^ 

82.59 

4.70 

12.65 

77.29 

Caked. 

87.47 

5.03 

7.50 

75.80 

Slightly molten. 

H7.79 

4.78 

7.24 

77.60 

Caked and 





Htrongly puffed. 


Coal deposits are not at all homogeneous, and we can generally 
distinguish the following components: 

1. Malting coal, jet black, brittle, brilliant, easily split per- 
fjendieularly to its layers, 

2. Dull coal, brown to gray-black, hardly any brilliancy, 
stronger and less brittle. Is not scissile and shows rough frac¬ 
ture. 

Malting coal is the only constituent of sand and sinter-coals, 
semi-baking, and is the principal constituent of the baking and 
coking coals, while gas-coal consists of alternate layers of-malting 
and dull-coal. A coal extremely rich in dull coal is called cannel- 
coal. Since the malting coal occurs in every kind of coal, it is 
self-evident that it has widely varying composition and fusibility. 
Tho dull coal is usually richer in ash and always richer in hydro¬ 
gen and gas than the malting coal. 

3. Fibrous coal is widely distributed in all parts of the coal- 
deposits, forms generally thin layers, is similar to charcoal (there¬ 
fore called mineral charcoal) is infusible, low in volatile matter 
and is therefore detrimental in coke and gas production. 

4. Bituminous shale, i.e. slate impregnated with coal sub¬ 
stance, is frequently similar to carmel-coal. The coal substance 
of bituminous slate is rich in hydrogen. The moisture of freshly 
mined coals varies. In air-dry state they contain from 2 to 4 per 
cent, sometimes up to 8 per cent of water. The ash varies from 
2 to 20 per cent. For some special metallurgical uses, the com- 
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petition of the ash has t,o |h' considered, as a coal rich in sulphur 
or phosphor is detrimental for certain uses. 


TABLK LXXX. 


ANALYSES <)[■’ ltlTUMINol’H COAI.S. 



(Ian. 

Coke. 

! 

<»f coat m 

IVt «*. 

’til 











j Sulphur 










! hi 

rtitl, 

Locality, 

Yield in 

V 

H 

o 

N 

11,0 

Alt 




W 

cent. 







i 

A l 










1* 

a 

J 

Aiwtria: 











KladuH....... 



59.48 

3,55 

8 89 

I 10 

7 (HI 

HI 02 



PilHon. ....... 


, , 

75.09 

4.51 

8 41 

8.41 

0 08 

5 31 



Karwin....... 


70.5 

08.80 

3.99 

8.23 

I 30 

ft 05 

11 07 


4 00 

Maehr. Oh trait 



77.21 

4.00 

8.32 

1.30 

2,41 

0.07 


11 tlH 

Germany : 











Upper HI Ionia. 



73.20 

4.93 

19.11 



2 70 



Saarbrile ken.. 



172.38 

4.40 

15 05 



8 11 



Aachen ... .. 



89,32 

3.80 

2 71 



4 17 



lijHHen...... , 



85.02 

4.05 

5 93 

1 71 


2 00 



Bochum...... 



85,110 

4.50 

4 77 

t 50 


a 2 i 



Westphalia.., 


09.9 

70 82 

4,90 

4.79 

1 M 

3 HO 

S 30 

0.82 


France: 











Ht. Ktienne.,. 

10,75 

70.0 

84.54 

4.77 

4,50 

0 84 

1 

4 (HI 



England: 











TyldoHley..... 

32.08 

57,75 

74,45 

5.10 

8.25 

1 52 

i 07 

4 m 

lit 4*i 


Bickershaw... 

29.81 

03.87 

78.03 

4,00 

7,24 

1 57 

4 3«! 

I §10 

1 ui 









, 



a ,«»^ . 


^ ¥ 


S4«7 

7008 

0420 

720# 


8392 

7069 

7408 


By drawing and washing, the ash-content can lie considerably 
decreased. 

Of technical importance is the decomjxwition of coal in the 
atmosphere by alworption of oxygen, which takes place in two 
stages; at first the available hydrogen anti some carbon are 
oxidized to water and earlxm dioxide; in the second stage oxygen 
is absorbed by the coal, but no earlxm dioxide nor water esea|x*s, 
so that an increase in weight takes place, sometimes as much as 
4 per cent. Thereby not only the thermal value, but also the 
property of caking and the yield of coke is decreased. 

By this absorption of oxygen and oxidation the coal is heated, 
sometimes to such a high tenifierature that not only the included 
gases escape (causing decrease in weight) but also sfiontaneo us 
combustion can take place. This spontaneous combustion 
is facilitated by the oxidation of pyrite, which is present in the 
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coal. Th(' gases included in bituminous coals vary in composi¬ 
tion as follows: 


Methane. () per cent to 90 per cent. 

(’arbon dioxide. 0.2 per cent to 54 per cent. 

Oxygen. trace to 17 per cent. 

Nitrogen. 10 per cent to 90 per cent. 


The quantity varies between 18 am 1190 cu. cm. in 100 g.of coal. 


TABOO LXXXf. 


ANACYHKS OK BITUMINOUS COALS. Artli.) 

BITUMINOUS COAL KROM THE KRANKKN1IOLZ MINIS WITH 8.1 PERCENT 

OXYOKN. 


Fresh mined ,.. 

After 12 months: 

In running water...... 

In stagnant, water. 

Exposed to the weather 


BITUMINOUS GOAL FUOM MiOGOURT (BAH DE GALAIH) WITH 3.7 PER 

CENT OXYOEN. 

Fresh mined............. 

After 12 months: 

In running water...... 

In stagnant water...... 

Exposed to the weather 


BITUMINOUH UOAL m>M AIBEAU-PIlfihE (GHARLEROI) WITH 1.8 PER 

CENT OXYGEN. 




Fresh mined.. 

After 12 months: 

In running water...... 

In stagnant water...... 

E spoiled to the weather 
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H. ANTHHACITK. 

Anthracite is the last, stage of carbonaceous decay. It is black, 
very hard and strong, has generally eunehoidal fracture (some¬ 
times it is very slaty), and has a specific gravity of 1.10 to 1 ..SO. 

Anthracite burns without smoke, with a short, weak, reddish 
flame. By distillation an extremely small quantity of volatile 
matter is obtained. The composition of the organic component 
is: 

0 92 to 9"> i«‘r cent 
II 4 to 2 {K»r cent 
0 t- N 2 per cent. 

1(K) {>er cent. 


TAHLK LXXX1I, 

ANAI.YHKH OK ANTHHA(‘ITKH, 



Gan 

(kike 

0 

H 

u 

N 

11 «« 

Occurrence. 

Per 


Her 

i*r 

l¥r 

I*»T 

Per 


cent. 

rent. 

Wilt. 

Wilt, 

mir. 

mil* 

rent • 

.1 

Denver, Ruby 








Mine, TJ.B,A. 



87.50 

3,1 i 

2 , mi 

0 13 

II 

Denver, An- 





thracite Mine, 








U.8.A. 



80,40 

a. as 

1.10 

0 00 

0 50 

Pennsylvania, 



Wilkesbarre,,, 



80,01 

'2 ho 

SI MCI 


.,, .Do__ . 

2.7ft 

87.00 

86.456 

1.005 

1.440 

0.75 

3 45 

Tonklng, 








Kebao..... 

4.56 

85.10 

85.746 

2.788 

2.071 

0.00 

2 80 

Turaeher-Alpe 








Styrla..... 



84,14 

2,55 

4, ts 


4,31 

Werohsirm- 




Alpe, Styrla. 



75.48 

2,05 

h.hh 


2 as I 




V4t 1 

£ &5 


ti & 


4 15 

4 CHI 

A 117 

a iici 

a la 

4 


ci m 

II 7H 

Cl 4.1 


‘2 { obwrvrr 

f 




'MM 

mm: 

7881l| 

■UUflCf 


tMllltfW, 
|I», Muffler, 

Tto. 

[it mrnmt 
, IM, 


The distillation yiolds: 

Powdered coke.90 U> 92 per cent 

Gas. 10 to 8 |M*r cent 

100 per cent. 


The anthracites are of the greatest important* in America, 
where they occur in immense dejHwitH. They are of no impor¬ 
tance in Europe. 
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Stujycxliow for Lcxxonx. 

Examination of various solid finds. Elementary and interme¬ 
diate analysis, fuel tests, ash analysis. 

Determination of the density and of the weight of 1 eu. m. 
Examination of green and seasoned fuels. 

Determination of the quantity and composition of the included 
gases. 



CIIAFPEH XIV. 

ARTIFICIAL SOLID FUELS. 

For certain purposes it is advantageous to use fuels richer in 
carbon than the ones occurring in nature. Such fuels are pre¬ 
pared by destructive distillation of the natural solid fuels, 
whereby the following products of decomposition are formed: 
(1) gases; (2) tar; (3) tar water, and (■!) residuum rich in curiam. 

The qualify and quantity of the products of decom|>osition 
depend on the nature of the raw material, temperature ol decom¬ 
position and other circumstance's. With increasing temjK'rature 
the output of gas increases Ixitli as to weight ami volume, but 
simultaneously the quantity of heavy hydrwarlxms in the gas 
decreases, anti therefore also the illuminating power of the gas. 

The pressure under which the distillation is earrit'd out is also 
of importance relative to the products formed. 

The advantages of producing earlxmiml (coked) fuels are: 

1. A fuel of higher thermal value is obtained. 

(a) As the earbon-content of the coked fuel is higher titan 
that of the natural fuel. 

(b) As the volatile sulwtanees in spite of their combustibility, 
require for their gasification a considerable amount of beat, 
which is at our disposal when we use coked fuels. 

Thereby the cost of transjsirtation j>er heat unit is decreased. 

2. Combustion of coked fuels is smokeless. 

3. Coked fuel dot's not bake. 

4. Coked fuel contains less sulphur than doe* raw fuel. 

5. Under certain conditions valuable by-products can be 
collected. On the other hand coking has the billowing disad¬ 
vantages: 

1. The carbonizing (coking) of the natural fuels requires a 
certain amount of heat, fuel, wagtss and machinery. 
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2. Coked lad hums with a short flame, while for certain 
operations a long (lame is essential. 

8. The ash-content is increased by coking. 

Heat of formation of l kg. of a fuel is the number of calories 
which were set free by the formation of such fuel from its ele¬ 
ments, and which naturally have to be added again for the 
decomposition into the elements. Heat of decomposition is 
obtained by deducting the directly observed heat of combus¬ 
tion of tin' fuel from the sum of the heats of combustion of the 
elementary components. 

Sc.hwackhofer found for Os trim (Austria) nut coal: 


(’. 78.55 per cent 

ll a . -1.51 per cent 

<). 11.8,8 per cent 

, N. 0.10 per cent 

Hygr. II a (). 2.11 per cent 

Ash. 5.(18 ]K>r cent 

Combustible sulphur. O.tiO per cent 

Thermal value. 7188 cal. 


The heat of combustion of the. elementary components of this 
coal are: 

(' 0.7855 X 8080 5912.81 cal. 

II S 0.0151 X 29,(100 1818.81 cal. 

S' 0.0000 X 2500 15.00 cal. 

Total. (1801.08 cal. 

Thermal value of coal deduct 7188.00 

Heat of formation of l kg. coal 1181.82 cal. 

For coal from Leoben (Styria) Hehwaekhofor found: 


V .00.91 percent 

H,. 4.22 per cent 

0.17.99 per cent 

N. 0.71 percent 

Hygr. H 3 0. 9.92 per cent 

Ash. 0.25 per cent 

Combustible sulphur. 0.52 per cent 

Thermal value.0013 cal. 
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The heat of combustion for the elementary eomiKmcnts is: 


0 . ().(•,()<)! x SOSO 1021 52 cal. 

II ' ^ ’. 0.0422 X 20.0(H) 1210. 12 eal. 

S1!! . 0.0052 X 2.1(H) 12. (H) eal. 

Total.018.4,05 eal. 


Thermal value of coal deduct 0012. (H) eal. 

Ileat. of formation of I kg. coal t 170 05 cal. 

The heat necessary forjptsifying coal de|tends on the nature of 
the gasification, or. the nature of tin* products of decomposition. 
If the gasification is effected by destructive distillation, the heat 
necessary equals the difference of the heat of formation of the 
coal and the heat of formation of the distillation products 
(from the elements). The heat neeessarv for gasifying ean also 
be calculated by deducting the thermal value of the distilla¬ 
tion-products (calorimeter) from the thermal value of the coal. 

Therefore the heat required for the destructive distillation of 
1 kg. of thiH coal is 254.7! 12 cal. 

According to the nature of the raw material, the eoktal mate¬ 
rials are named: 


1. Charcoal. 

2. Peat-coal. 

2. Coke; to the class of artificial fuels l>elnng also the 
4. Briquettes. 

TAIU.K l.XXXIlt 

(XIMI’OHITION AND Hioni'CTM UK nKSTHt'CTIVi: niSTIU.ATION OK cOAt, 

(I>. Mttlilw i 


Hulmtanre. 


Bitum, rottl of ('imp 
matt try.. ... 


(’oke, ,, 

Tju* from hydraulic 

main.. 
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Tar from eomletwer., 
(Jan... 
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Total..,. 
Ii®at lost in 


five diidiFation. ni °*. 


Ook© uned as fuel. 
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•llictft 
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CHAPTER XV. 


CHARCOAL. 

Thk dry distillation of wood yields 

(a) Hygroscopic, water. 

(b) Illuminating gas, consisting mainly of. 

Acetylene, C,H r 
Ethylene, C 3 H 4 . 

Benzol, C a H„. 

Naphthalene, C 10 H S . 

Carbon Monoxide, CO. 

Carbon Dioxide, CO a . 
Methane, CH 4 . 

Hydrogen, H 3 . 

(c) Tar, consisting of 

Benzol, C a H a . 

Naphthalene, C I0 H„. 

Paraffin, C M H 43 to CjjH^. 
Retone, C 18 H 18 . 

Phenol, O a H a O. 

Oxyphenie Acid, C a II a 0 3 . 
Kresylic Acid, C,H g O. 
Phlorylic Acid, C g H I0 O. 

r C 7 H 8 0 3 . 

Creosote ■] C„H t0 O 3 . 

(C t H 13 0 3 . 

Resins 

(d) Pyroligneous acid, consisting of 

Acetic Acid, C 3 H 4 0 3 . 
Propionic, Acid, C„H a 0 3 . 
Acetone, C,H a O. 

Wood Alcohol, CH 4 0. 

101 


(e) Charcoal. 
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Charcoal contains, Irsidcs carbon, H, O and unit, and generally 
also hygroscopic water, 'l'lic average composition of air-dry 
charcoal is 

0 {including II and O) . > v '"> per cent 

Hygroscopic 11,0. I - - pel’ cent 

Ash. d per cent 

KHt per cent. 

Tamm takes the average composition of charcoal as follows: 
Air-Dry Perfectly Dry 


C. 7fc.. r > } H3 0\ 

(). 12.0 MKM) ]>er cent Id 2 [ ON.If |ter cent 

II. 2.5 > 2 7* 

Ash. 1.0 I 1 

Hygr. 11,0. 0.0 


100.0 100 0 

According to the researches of Violette on charring wood, the 
wood remains unchanged up to a tom{>e rat tire of 200” (’: at 
252° (1. it gets brown; l>et\voen 270 ami .'150 ” (red coal and at 
400° C. black coal is formed. 

The so-called it'd wood, which stands 1 s'tween ml and black 
coal, has the following composition (Presenilis): 


C. 52.00 |>er cent 

II. 5.7S |K>r ci>nt 

O. 50,04 jier cent 

Ash. O. b'l |»er mit 

II,D. -1.-Iff per eent 

100.00 jrr cent. 


Violette’s researches comprise the following series: 

1. Coals made at different charring teinjs'ratures 1 150° to over 
1500° 0.) from one kind of wood ( Hhamnm frangula). 

2. Coals from the same wood produced at different tem¬ 
peratures in entirely dosed vessels. 

5. Coals from those kinds of wood which an* mainly used in 
France for gunjaiwder manufacture. 

4. Coals made at 300° C. from 72 different varieties of wood. 













CllAltCOA L 


193 


a 

a 

$ 


o 

w 


0 a 


2 

t 

B 


8 

.a 

•t- 

^2 

C’« 

i 


M 

X 0 

'cD «- 

31 

H 


u 

« 


jb 

-fi 


+1 

o+. 


cu.SJjaj cucu vJSi 

•sliisl'sij.Sis 

fefc.'c£dSit 


Isi 


uvni 
WNi 
O O vJ 


a S 

o u, 3 

fl ^ Si 0 

•5 p gna’S a'Z 
qaooSg;? 

d r/j Cj O V!) w Ph 


"2 

L* 

u« 

JSi 


o 

* 


<£> 

•e 

•3 


’.u>^[.n?p Sfup 
->oW Aipmim.itt 

Ml Q; 
o-p 

II 

9 M 


*8 

•c 

T 3 


5 * 

Ph 


•£o 

1 -s 

IP 


| 3 

b a 

2 "§ 

BBS 03 

*3 <u 

a a 

i. 3 

O -8 

6 o 

s J3 

d •? 

•£3 0 


WPMA *A *A U"N IA«MA lOiAlPi «A lO 

iiissp.slssl.sp.ps.^sisp.sig 

o’ o' o' o’ o' o’ o’ o’ © © © o' d o’ o' o' o' d d o' o'-_ — 0 ' — 

8589§SS8S8S?S8gg3iSS582g8$lS 

4 4 9 s? ? 9 5 5 ft ft a » S ft SI ft ft ft ft 2 2 2 2 S'**■"® 


I O*A ‘Ay? ‘A *A50*A «A *A »A A 

ilss=l§l§§psg8S§liiSH.gp|s. 

d d d d d d d d d d d d d d d d d d d d d — d«— — — o’ ©’ 

Siisal5§8SaSi§ii83§laiSi8iiSK 


‘{H>Up?l 

-qo i«<»j p iq%»M 


\M\ »u !«!•»!> I* M >AW 0 

MtJtnj 001 ««uj |K>1UU> 
-u»!) KJdM«N "IJWA 


*MK.> Sf*»(t tl ! 
*wn pumtm»>x *Jttunn(;) 

„ *0 Ml W 

tNH»,w A,wu»q^ wmrmoo 
»« 1 A 4(1 A'q tu#o J «4 


S8Kfc8:2rSftKfta2:SSft&RP:R8ftR?3:$ft8 
8 8 £ 8 S ft R S S 8 9 9 ft S S ft ft ft ft ft R 2 2 2 ft ft ft 2 


8'(>5S888aHRf:*S»ftst!ftftSft»S8SS8 
:" « ~ 8 ft a ft a * ft S 3 3 8 S ft ft 38 R S 3 S e 3 3 US 


S3SSgBgSS888SB8Sg53S83g§8SSe 


:8ftSSft88RS2RSS9$3;S8Sft88833SS 

‘ d d d d d d d d d d d d d d d d d d d d d d d d d d d 


0 

SfJ 


~ AS IA T *A O rn » o O = A) |A 2 JA O A. W O g ~ ^ jq ^ ^ ^ ^ 


* Melting platinum. 














194 


HEA T EX ERG Y .4 A /> EE El,S 


l^or these experiments the wootl \s hs cut into <y linclrionl 
pieces of 1 cm. diameter and dried in a current of strain at 150° ( 
The charring (except in the second series) was effected up to 
350° 0. with superheated steam, at higher tenijM-rature in a 
crucible at the melting point of antimony, copjH*r, silver, gold, 
steel, iron, and platinum. 

The results of the first sera* are given in the table on 
page 193. 

TABLK LXXXV, 

yiKU> OF OOAL liV miAEWKii, (Knr«trn I 



Itepitl 


liHflilttiimt, 


Kind of Wood. 

liihiiiiiifiiiii. 








Kiirnlfft 

Km **t*'ii 

HUiltv 

Wlftkl**-r, 

Oak wood, young,. . 

Hi 

m 

m 

tin 

| 3«t 

1 

22 

8 

Oak wood, old.... 

18 

91 

3ft 

71 



Red beech, young.. .... 

14 

87 

n 

87 

| 34 

11 

17 

.s 

Red beech, old,...... ... . 

14 

1ft 

M 

1ft 


White beech, young.. ..... 

13 

11 

3ft 

22 

i 211 

n 



White beech, old.. 

13 

m 

2ft 

4ft 

1 




Alder, young...... ...... 

14 

41 

2ft 

lift 





Alder, old. .... . . . 

m 

m 

35 

ftft 





Birch wood, young... . . . 

13 

Oft 

2ft 

Oft 

24 

« 

17 

0 

Poplar........ . . ... . . . 





m 

H 

17 

7 

Birohwood, old.... . > ... . 

12 

20 

24 

70 

m 

4 

17 

i*. 

Birch wood, wall preserved,.. . 

it 

1ft 

35 

HI 





Red pine, young, .... ... . 

Red pine, old.... ... ... . . 

14 

25 

25 

2ft 

{ 83 

4 

*20 

11 

14 

Oft 

25 

00 




Fir wood, young ....... ..... 

!H 

33 

27 

72 

i 21 

S 

20 

1 

Fir wood, old.. 

1ft. 

.35 

24 

75 ! 



Pine, young-........ , ., . . 

IS 

m 

23 

07 ! 

| 23 




Pino, old..... . , , 

13 

7ft 

25 

Oft , 

f i#l 

# 

* # 


Linden.... ....... 

13 

30 

24 

tin ; 

22 

n 

15 

2 

Ash... ..... . . 



, ,,, 


21 

t 

It. 

4 

Willow.. ......... .... 





22 

2 

15 . 

0 

Rye straw .. ..... . » 

til 

40 

24 

00 



. ,. 


Fern. 

17 

00 

27 

95 






The tests show that quick coking yield* only about half as 
much charcoal as slow coking. 

Violette obtained by charging wtxxl into a preheitUsI (132 
degrees) charring vessel atxmt X.lMl jx*r cent coal, while he 
obtained 18.87 per cent by heating the same kind of wood for 
six hours gradually up to 432 degrees. 

In the second series of Violette’s experiment* the wood pieces 
(Rhmrnus frangula) wen* weighed, dried at IFftPC. and were 
kept in closed glam tubes at constant temperature with *uper- 
heated steam. The results were: 
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mar i:\ mh am* in 


Thu third series of experiments with mils made fmm different 
kinds of wood showed the* variable roiii|n»sifion uf the churenut 
obtained. Violette found in the interior purl of tin* apparatus 
coal with 85 per rent enrlxm, on tin* walls with 7li per rent of 
carbon. 


In the fourth series of experiment^ 72 Iritoh *»f \uhh\ wen* 
dried for two hours with steam of 15IF(\ and thru etmrred for 
three hourn with steam of RfHf (\ The results were as follows: 


TABLE LWWtl 

Yuan of mu, in i*ii\iiiu\«» 


No. 


1 

2 

3 

4 

5 
0 

7 

8 
0 

10 

n 

12 

13 

14 

15 
10 

17 

18 
10 
20 
21 
22 

23 

24 

25 
20 

27 

28 

29 

30 

31 

32 

33 

34 

35 
30 


Kind of Wood driod m 150 
Dcjtrmc, ('burred ut 
200 Degm**. 


Cork wood...... 

Ebony..., , , 

Batin wood .. , , 

Willow (foul). , 

Wood from Herculaneum 
Wheat straw ... 

Oak, ........ . . 

Yew tree.. , ,. . . 
Mahogany ....... 

Beech... ...... 

Ironwood . . .... 

Juniper.... . 

Poclcwood... 

Moor pine... 

Poplar (leaven).. .. 
Pojdar (rend.). . 

Fir...... .. ,, 

Fungus growing on willow* 
Box... .... .. . . 

Bote-tree ...... 

Bird cherry.. 

Palin-tree 1...... 

Thuja, Canadian... 

Hemp stalk. 

Virgin's bower,..... 

Rush... ,,,,, 

f •oeoamit tree ...... 

Carded cotton...... 

Elder-tree. 
Varnish-tree,,,,., . 
Rose-tree (wild).,. 
Honeysuckle...... 

Hplndle-treo..« .. 

Vina.. 

Chestnut.. . 

Bean trefoil... 


* i« el 
Mi (Wl. 

IVi « 

frill ! 


hi Ml 

M :m 

52 IMI 
52 17 
4!i im 
40 fH» 

40 00 

40 till 
44 

44 25 ; 
43 75 1 
43 07 i 

41 ho; 
41 4 hi 
40 !I 5 ’ 
40 fit! I 
40 75 , 
40 04 , 
40 44 1 
40 3 ft i 
40 .! I ' 
30 4 !t ’ 
311 44 
30 22 
38 83 
3H 40 
37 011 
37,41 
37 31 
37 27 
37 21 
.10 Oil 
311 110 
30 53 
30 00 
30 01 


hmd t»f W mi I illlnl isl |/sit, 
\li Ik \{ln C ‘||4tfr»i ill | 

j dOI* { h *ff» rn 


t lin.lfll bn dj 

j Medlar lire 

; t liri f> III! 4 t 
j % fit# ritMit 4 tfirii , 

! flooded iiidliisl , , . 

h\ 

; iiinifitttin 
’ PI line f fee 

j Ypjde lire 
Elm trr»* 
Htnnbram 
Alder tire 
1 lim h«*rr> 

1 Fnr/e \ 

; Hui*|# tree 
j Plum tire. 

Kyriifiiiiii ,. 

; Mui*ie 

j Will**ii 

I Ahlet liiteitliinii 

! Virginian iirartit , 

j Flo aery dog am*#) 

1 Broom 
j A*li tree 
| Qmnee tree , 

| fiiutd C rt r 
Bird chcrrv , . 

Iltifli tree 

A Intertill. 

nwi* 

Pear dree 
Linden. 

Lilac, 

Begonia ,, ,, 

Piifditr. ,, 

Horse chestnut , 


of t * 0 , 1 1 

I Vi 

t*td 


i 

< a:* m»! 

! .15 f* 7 | 
■ .15 Ylf 
s 34 h7j 

• 34 Hfil 
' 34 75 , 

! 34 7 t 
j ;h 0 oi 

- :n mi 

I ^ M 

| 34 44 
j 34 40 , 

3 34 
; M 24 
3 M 17 ? 

; 34 Oti; 

? 4.1 7t; 

' :u 7si 
i 33 74 ' 

, 33 0| 

; :t;i it 
I :t:t 40 
i i« ititi 


33 28; 


33 »f 

m 701 

n 70 
.12 21 

33 00 
32.03’ 
III 88! 

31 H0! 

31 84i 

III m 

m,m 

30 «ff| 
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The conclusions that, cun be drawn from Violetta’s experi¬ 
ments an*: 

1. Wood yields less coal the higher the temperature. For 
the saint' kind of fuel the yield for instance is: 


At. 250° (’. 50 per cent weight, 

At. 500° V . 55 per cent weight, 

At lOO" (■. 20 per cent weight, 

At 1500° ('. 15 per cent weight. 


2. From woods treated at the same temperature the yield of 
coal is proportional to the time of distillation. With slow dis¬ 
tillation the yield is twice as great as with quick distillation. 

5. The carbon content, of the coal is proportional to the tem¬ 
perature of distillation; the coal contains for instance: 

At 250° ('. (i5 per cent, 

At. 500° (’. 75 per cent, 

At 400° C. <S0 per cent, 

At 1500° ('. 90 per cent. 

4. By distillation in perfectly closed vessels very little carbon 
is gasified, as most, of the carbon is retained in the coal in solid 
form on account of the increased pressure. This explains the 
higher yield in retorts as compared to pile-charring. 

5. The charring of wood in perfectly closed vessels yields at 
2H0° 0. HO per cent of red coal, while by means of superheated 
steam only 40 per cent can Ik* obtained. This is due to the 
increased pressure, which changes the equilibrium towards a 
smaller volume. 

0. In perfectly closed vessels wood melts at from 500 to 400° C. 
under formation of a black, brilliant mass, without any organic 
structure, similar to melted pitch-coal. 

7. Coals produced in cylinders or iron pots are of variable 
eomjKisition (70 to X4 percent C.), while with superheated steam 

according to tanqx'rature ~ coal of any constant composition 
can lx! made. 

The ml coal used in gunpowder manufacture is nothing but 
half-charred wood of red-brown or brown-black color. It bums 
with a long illuminant flame and therefore contains loss carbon 
and more hydrogen than charcoal proper (black coal). 
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Good charcoal is black in color with a steel-blue lust re. It, 
has a distinct, wood structure, conchoidal fracture, low specific 
gravity (0.17 to 0.24), is I airly strong, easily ignited, and burns 
with a very short, blue, smokeless flame. 

By lying in the atmosphere charcoal absorb- alxmt 10 per 
cent of Wider; if moistened directly with water, '><) jht cent is 
absorbed. 


WKIOIIT OS CHAIteoAI.S i1‘wraytirU. 


Churn ml 


From «o£t wood, averagt*.. 
From hard wood* avorngo. 
Hard and soft worn I mixta! 


The loss of volume of charcoal during tmnsjwrtation, etc., by 
breakage and friction is, according to Witwely; 


T 


Itili Uwtn 

Wulffti, Km» 

17 

M 

m 


l)(H*tvm.b m Volume. 

Cfefiintf. 

" n 

IVr <vnt» 

HMgkim* 

Houra according to quality of 

Limits. Average. 

Limit#. Avormgt*, 

road. 


1.. . 

:i h §§ 

;i 6 S 

2.. , 

iKi§ %\ 

if n m 

3.. 

1-3 t 

i n If 

4.... 

l 

1-2 i§ 

l 

i t| n 


One volume of charcoal from boxwood absorb* tha following 

quantities of gas (Saussure): 


NH a . 


CO,. 

.......35 

vol 

HC1. 


(X).. 

....... 9.42 

vol. 

so,. 

.65 vol. 

0. 

..9.26 

vol. 

H,S . 

.55 vol. 

N. 

. 7.50 

vol. 

NO, . 


ch 4 . 

.. 6.00 

vol. 

CA . 


H, . 

....... 1.76 

vol. 


0.59 g. of different kinds of coal absorb the quantities of dif¬ 
ferent gases Cm cu. cm.) given in Table LXXXVHI. 
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Nil, 
IK'I.. . 
IL,S.. 


(). . 
SO, 


TABLK LXXXVII i. 

A HSOUIlINCi CAPACITY OK COALS. 


..“ .. 

-.——- 

- — — . ~ 

Charcoal. 

Pout. 

Bono 

Black. 




98.5 

96.0 

43.5 

45.0 

60.0 


30.0 

28.5 

9.0 

14.0 

10.0 

5.0 

0.8 

0.6 

0.5 

32.5 

27.5 

17.5 


___ 

.... 


The temperature of ignition depends on the temperature of 
distillation as shown in Table LXXXIX. 

TABL1C LXXXIX. 


TKMPKIIATUHE OF IONITION OF CHARCOAL (Violette). 


TcmfM'mtwro of Charring. 

Tc*mj>oraturo of Ignition. 

300° O. 

360-380° C. 

260 - 280 ° O. 

340-360° C. 

290-360° O. 

360-370° C. 

432° a 

400° C. 

1000 - 1600 ° a 

600-800° O. 

Melting point of plati¬ 

1260° O. 

num. 



We can classify as follows the different methods of producing 
charcoal. 


A. Charring in the 
woods or carbon¬ 
izing under mov¬ 
able cover (with 
changeable volume 
of the charring ap¬ 
paratus). 


B. Charring in ap¬ 
paratus with con¬ 
stant volume of 

the charring space. 


(a) Without red 
oo ■very of by¬ 
products. J 


(a) in pits. { m 
(P) in piles j U 


vertical. 

horizontal. 


(5) With recov- ( v n : ffl 
uoti° f by " prod “ ^ Piles. 


1(a) Pile-charring 
(the heat re¬ 
quired is gen¬ 
erated In the 
Interior of the 
coking space). 
(b) The heat for 
charring Is fur¬ 
nished from 
outside. 


(a) The heat necessary for char- 
r ring is furnished by partly 

burning the wood to be charred 
(piles with admission of air to 

the interior). 

(£) The heat necessary for char¬ 
ring is furnished by combustion 
by gases free of oxygen (piles 
with admission of combustion 
gases free of oxygen to the 
Interior). 

(7) The heat is furnished by 
' superheated steam. 











200 


UK AT h'\ l.h'< I \ A\l> !■'! M.S 


.1. ('hum' hi/ in Ihf irimils. 

(a) (.’barring without reroverv of by-products. 

(,<*) Charring in pits. 

The 1 pits arc about I m. eleep, 2 m. wide 1 at the top, 
somewhat narrower at the !>ottnm. The fire is started 
with brushwood, then the wood is piled up and cov¬ 
ered with earth. The coal is light and unequally 
burned. 

(/?,) Charring in round pile's. 

Those pile's have gcne'rally the form of a paral>e>le>i<l, 
and the'ir eubie content is calculated aeeoreling to the 
feirmula 

iPz It <Phz 
■1 ’ 2 X ’ 


or, as on the finishes! pile, the* e'ircumferene'e can be figured nmre 
easily than the* eliameter: 

w a r h iPh ti 1 h 

7r 3 4 2 Sc 2‘>.21 


As, however, the shape of the' pile's is not exactly like 1 a para¬ 
boloid, from 4 to 0 per «*e*nt. is desluetesi from the volume ealeu- 
latesl aee'onling to alrove formula. 

The' fe)llowing varieties e>f wetesl an* mainly usesl for charring 
in pitas: ~e>f coniferous tn*es: pine, fir, reel pine, and larch; of 
k'avesl wooel: e>ak, resl l torch, white Iteerh, ash, c*lm, alder, and 
birch. The most favorable age of tm*s for charring is given in 
Table XO. 


TAHI.K X(’. 

eueu'icit aue ok tkekh foh eiiMtiuvo es»i«»!*r i 



Aw* *»f him*! IVr 

Aw 4l %liirti Triv 


ftrt Ifenrloitiiirttf 

ran In* nil. 

Pitta,,, 

140 

MO to 100 

Red pino... 

till 

70 to 80 

Fir.... , 

m to itm 

hi 

Larch... , ,. . 

ho to m 

m 

Oak....... , i 

Red beech. ,, , 

m to istt 

m to eo 

White beech,, . 

I lit) to 140 

110 

Elm.. ..... , . , 

8§ 

10 to S0 

Alder..... B .............. . . 


M to 10 

Birch.... . , 


20 

— 

... __ .... _ _.! 

„ T .„. w— 
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In willin' time the wood contains less moisture than in sum¬ 
mer; winter is therefore the most favorable, time for cutting the 
wood. For the erection of piles, locations are selected that are 
protected from wind, and a ground not too dry and not too wet. 
A dry ground will break and crack, allowing too much air to enter 
into the pile. A wet, ground generates steam, which, with the 
glowing coal, is decomposed into hydrogen and carbon dioxide. 
In both cases a loss of coal results. The foundation ground of 
tiie pile, which is a little inclined towards the center, is first of all 
covered with a layer of culm coal. In the center a strong, 
straight post, (center pole) is driven into the ground (Slavic piles, 
Figs. .‘{2 and 2d), or throe posts of even length are driven in, 
forming an equilateral triangle, the length of the sides being 
about 20 cm. These three posts form the center shaft (Italian 
piles, Fig. 154). Logs are now laid around the center of the 
charcoal kiln (pile), either vertical as in Fig. 04, or horizontal, or 
both ways combined, as shown in Fig. 33. Depending on the 
size of the pile, one, two, or more layers of logs are put together, 
the upper layer always being less steep than the lower. Small 
logs arc used to fill the spaces between the large logs. The 
upper layer is covered with small logs and small pieces of wood, 
for rounding the shape of the pile (peak of the pile). In piles 
with center shafts the logs are always vertical, except the dome, 
which consists of horizontal logs. In these piles the center shaft 
is used for starting the fire, while in piles with a center post a 
channel is left, open for this purpose on one side of the bottom 
part, extending to the center. The pile is then covered on the 
outside with branch wood, then with leaves and grass (smoke 
cover), and at last with earth, sand, and coal culm (earth cover). 
This cover does not reach to the ground (Fig. 32, C, D), but is 
supported by timber. For starting the fire some kindling wood 
is put in on the bottom at the center. 

The fire is Htartod by inserting glowing coal in the kindling 
wood through the center shaft or through the above-mentioned 
channel. Then the shaft is filled with small pieces of wood and 
covered. The fire now extends upwards and to the sides; the 
hygroscopic! water is evaporated and condenses again on the sur¬ 
face of the pile (the pile sweats). Then acid gases and later com¬ 
bustible gases escape, and wherever they get mixed with air an 
explosion takes place, throwing off parts of the cover or parts of 
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the pile. Such damage to the pile 1ms to be repaired instantly. 
This first period of charring lasts from IS to 21 hours. 

Meanwhile the center shaft is burned out and pieces of wood 
have to be filled in again and again until the period of sweating 
is over. The bottom of the pile is now also covered, and by mak¬ 
ing openings info the cover (driving the pile) the (ire, is drawn 
gradually to tin 1 lowest parts. The upper openings are closed 
as soon us blue smoko starts to escape, the. lower as soon as the. 
flame shoots through. 

The “drawing” of the coal is performed by removing the cover 
on one side and cooling the hot coal with cold water. 

The coal is marketed in the following sizes: 

(1) Lump coal; (2) blacksmith coal; (3) small size; (4) culm; 
(5) half-charred wood. 

According to the size of the pile (120 to 300 cu. m.) the process 
of charring requires from 15 to 20 days. 

Probably the largest, pile kilns are, operated at Neuberg 
(Styria, Austria). They an; built up to 400 to 430 cu. m. 
capacity, the 500 cu. m. size, having been abandoned on account 
of difficulty of regulation. Red pine and red beech are charred 
at. Neulx'rg in separate piles. The following data, gathered from 


these plants might be of interest: 

1 cu. in. hard wood half dry weighs. 550 kg. 

1 cu. m. soft wood half dry weighs. 400 kg. 

1 cu. m. (cord wood) hard wood green weighs. 900 kg. 

1 cu. m. (cord wood) hard wood half dry weighs. 700 kg. 

1 cu. m. (cord wood) hard wood dry weighs. 580 kg. 

1 cu. m. (cord wood) soft wood green weighs. 800 kg. 

1 cu. m. (cord wocxl) soft wood half dry weighs. 000 kg. 

1 cu. m. (coni wood) soft wood dry weighs. 400 kg. 

100 liters hard coal weighs. 23 kg. 

100 liters soft coal weighs. 14 kg. 


The piles have a diameter of 14 m., a height of 4.7 m., and a 
cubic content of 400 cu. m. of wood. They are built with five 
layers of log wood of 1 m. height. The yield of such a pile is 

Piece, coal (large pieces)., .2000 hectoliters ) 00 per cent volume 


Piece coal (small pieces). . 400 hectoliters f of the wood, 

Culm. 1 per cent, 

Half-charred wood. 1 per cent. 
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TVHl.i: VI 

rmirosn'inN os m ia < a>i ' * u 1,,: 



*»f i *4'* 


white opiiquu 
white opuqw 
white 

white triiunpurwi! 

fairly traunpureiit,., 

bluiwh nm! transparent 


I ««t jl! |V» tV||| 

| \ oitlMH' « 


I’ll t*» * U , \ , 


2ft r»7- s tin ft i:!i 5ti m 

2(1 flHj <» 25 HI it? fill 40 

•a 2:1 7 n7 u •u r»:t 4« 

2:< 51 5 (Hi 4 Ml lift 80 

a:t a* 5 hh i:t s;t 57 

23 (It* 8 (14 14 11 55 77 


The time required is: 

Erection of pile.■ • ■ f days, 

Starting fire. • i hour, 

Charring process... IK 2H days, 

Removing charcoal. 4 days. 

In working shifts: 

Erection 4 days per 10 men..... 40 shifts, 

Covering with branch wood 1 day |>er 2 men. . 2 shifts, 

Covering with leaves. ... 2 shifts, 

Covering with earth 1 day jx'r 12 men . 12 shifts, 

Charring, average'.. .. K shifts, 

Removing ehareoal 4 days jx>r K men 22 shifts, 

Preparing ground. 2 shifts, 

Night-watch (average). .. • 2 shifts, 


100 shifts. 


The temperature of the eseaping gas right, below the cover 
was from 230 to 200° C. One liter of same showed the following 
content of condensable pnxluots (tar, water, ete,): 

1. White and opa(|ue.. 0.087 g. 

2. Similar to A .. 1 .WIH g. 

3. Bluish and transparent... 0.531 g. 

(/?,) Charring in rectangular piles. 
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The horizontal piles an 1 not circular but oblong, generally 
having a length of from 9.5 m. to 12.5 m. and a width of from 2 
to 5 m. (Fig. 55). They are surrounded by posts which arc 
connected by timbers. The logs are put in perpendicular to the 



Fiu. HI). — Rectangular Pile*. 


longitudinal axis of the pile. The hollow spaces are filled out 
with branch wood. The height in front is about 0.(5 and 
increases towards the back part at an angle of from 15 to 20 
degrees. The fire is started in the front and goes slowly through 
the entire length of the pile. 

(/>) Charring in the woods with recovery of by-products. 

(«) When charring in pits a vessel covered with a grate is 
[>ut on the bottom for collecting the tar. 

(ft) In pile-charring (for recovering by-products) iron pipes 
are put into the cover, leading to a condensing chamber. 
This is done 24-5(5 hours after starting the fire, as in the 
first period almost nothing but steam escapes. 

Fig. 5(5 shows a French pile with a channel leading to a tar- 
collecting vessel. About 20 per cent of tar is obtained. 

!i. Charring in apparatus with constant volume of the 
charring space. 

(a) Pile-charring. 

(a) The heat necessary for charring is furnished by partly 
burning the wood to be charred (piles with admission of 
air to the interior). 





///■;,l / /. \ i.h't.'Y 1 \ I* ! ! I I.S 


2(H) 


As an example we will de>cril>e the round {**!*• oven (kiln), 
Kig. ,‘(7, which has aerate i>n the i tot tom for the admission of air, 
the (iiiantity of the latter Iteing regulated by means of the a-h- 



Fin, Jill, I r**r»i*l* l*ilr 


door. The wood is charged first through the main door, then 
through the up|x*r ehnrgiug-chulc. Alter slnrtmg the fin* the 
main door is dotted with bricks and mortar and as .won as steam 



87. ' tlwiiiiil | % IIp I Hn*. 

and tor begin to rseattc, the upfter eharging-ehute is also closed, 
ho that the escaping gasw have to go through the j»i|te shown at 
one Hide of the cover (domed to the condensing vessels. When 
the oven is Hufficieutiy heated, the ash*door is dosed. When 
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the charring; is finished, the oven is allowed to cool and the coal 
removed through the main door. 

(ft) Charring in pile-oven with admission of combustion 
gases free of oxygen to the interior. 

Such an oven was built by drill for the iron works in Dalfors 
(Sweden), Figs. 28 and 20. It is rectangular and provided with 


Stack 



Ficrn. 38 anti HO, — Grill's Pilo Oven. 


charging openings on both short Hides. The gases of combustion 

rise from a fireplace below the oven, pass vertically through the 
center of the oven and escape in four directions through side¬ 
lines. The volatile products of distillation escape through two 
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channels arranged in opposite comers, and pass through iron- 
pipes to a tar-collecting vessel, the stack living arranged above 
this vessel. After getting the' tire up. the oven is closed tight. 
A charge consists of 172.20 eu. in. of wood; 27.AN cii. in. of wood 
are used for healing; the yield is b!7.:il eu. in. charcoal. The 
wages per eu. m. of charcoal at this plant are 0.2o cents. 

The Sell wart/, oven is of similar construction, lugs. It) and 11. 
It is provided with two fireplaces in the middle ol it- length, and 



Fitm. 40 uttti II MritwitrlA 


with two flues in the middle of the short sides, whereby a more 
uniform heat iH obtained. 

{y) Heating by means of superheatm! steam t h’ig. 12). 

This process, which was introduced by Violetta for the manu¬ 
facture of red coal (gunpowder coal), yields almut 2(1 § jwr cent 
of red coal and no black coal, and is therefore very' much superior 
to the old process by which 14. JH jht cent ml coal and 17.KI j>er 
cent black coal (total 21.99 per emit) is obtained. tdg, 12 shows 
a longitudinal section. Steam from a Ixiiler is led through a coil 
located in the oven. By the direct lire the steam in the coil w 
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superheated. The lire gases play around the retort and escape 
through the Hue. The superheated steam from the coil enters 
the sheet-iron cylinder (retort), which is closed in front with a 
wrought-iron cover, and then passes into the inner cylinder, 
which is charged with the wood to be charred. Steam and 



Km. 12. ('Inuring with Buporhc'ahnl Stoarn. 



Fro, 43. — Hcwticm through Fr<moh Ovtm heated from the Outnide. 

products of distillation escape through a pipe into the atmos¬ 
phere or into a suitable condensing apparatus. Opposite the 
entrance of steam a baffle-plate is provided for distributing the 
steam. 

(6) Charring by heat supplied from the outside. 
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Charring is performed in retorts or large cylindrical vessels. 
In Russia, vertical sheet-iron cylinders are used, having a cubic 
content of about N eu. in.: a special fireplace is provided for heat- 



Km. M. •— Umgltudmid Section of a Modem Charring Plant with Vertical Iteiorla. 

ing tho vortical Hholl. For ciuickly preheating the. wood to 100 
degree*, steam is admitted at the bottom of the cylinder. The 
tar flow* through a pipe arranged at the bottom, to a collecting 



Kiel. 04 . — (!ro«w-«ootion of a Mmiorn Charring Plant with Vortical Ilotort*. 

vessel, while, the vapors leave, through a pipe on the top, and go 
to a condensing apparatus, from which the condensed tar passes 
to the above-mentioned collecting vessel. Tho products of dia- 
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HE.XT l.Sl.HUY IS i> lill. 


filiation pass through n cooled pij 
arc lead hack into tho fire. 



ie. witde tlie combustible guM*.N 



Fm. MS, — Plan of a Motion t (liarriiiR Ilitui mill* VWiit'iil Itriort* 



Fin. 541, riwrrlfiK 

with Vnrllf«l ItHort**. 


Fig. 43 shows a vertical section through a French oven of simi¬ 
lar type. Vertical, horizontal and inclined retort* are used with 
equal success for charring wood. 

At present pile ovens are used 
only for certain purposes, as, for 
instance, for charring pine wood, 
where the recovery of the valuable 
Hvvedish tar and pine oil more than 
pays for the loss of wood-alcohol 
and acetate of lime. 

Modern pile ovens are built, of 
sheet iron for avoiding the loss 
through brickwork. 

Much a modem pile-retort oven 
is shown in Figs. 44 to 47. Iti the 
fireplace the grate r (Fig. 4(1) and 
the arch dd (Fig. 44) can lie seen. 

Through the arch the fire gases go 
into the pipe*/, while another part 
of the fire gasi's goes upwards near 
the arch and (niters the pipes, #?. 



tivfti with 

Itriort* 


AH these vertical pipe* go 
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through the interior of the pile-retort. The doors bb arc used 
for discharging. 

Similar ovens with horizontal retorts are shown in Figs. 48 
to 52. Figs. 53 to 5(> show a modern charring plant with verti¬ 
cal retorts. The retorts a can be lifted out of the furnace by a 
crane <j, and can be brought to a suitable place for charging or 
discharging. Fig. 57 shows an oven where 1 the 1 retorts remain in 
permanently; they are discharged into small cars that can be 
moved right under the retorts. 

To the rotary retort, however, belongs the future of the char¬ 
coal industry. 

The increase of the charcoal industry is shown by the following 
figures, which relate to this industry in Austria-Hungary: 

About .‘10 years ago the output of charcoal was about 10,000 
cu. m., ten years later 120,000 eu. m., and today it is 350-400,000 
eu. m. per year. 

For the prosperity of forestry this industry is of the greatest 
importance, sis only hereby are we enabled thoroughly to utilize 
widely distributed forests (by the utilization of refuse wood). 



(TiAPTKR XVI. 

PEAT-COAL, COKE AND BRIQUETTES. 

Tiik destructive 1 distillation of jx-at, lignite <»r coal yiolils: 

(1) gases, (2) tar, t.'i) tar water, mid 1 11 a solid residue verj 
high in carbon, which, depending on the raw material used, i: 
called peat coal or coke. 

her conveying an idea of the process of destructive distillation 
we give below tables for the two extreme eases tjx'at and bitu 
milieus eoal). 


17. (>25 gas 


5.375 tar 


DkBTUUCTIVK 1 )IHTI 1 .I.ATION OK Pk.AT. (II. V'ohl.) 

100 parts of peat, of a Swiss Ixig yielded by destructive dis 
tillation: 

'Heavy Hydmenrlsms, (’nll,u 
Met,ban, (il, 

Hydrogen, H, 

Ulartxm Monoxide, (X) 

[Tar 0.K20 sp. g. 

■j Heavy ()il 0.K55 sp. g. 

I Paraffin 

f Ammonia 
Methylamin 
Pieolin 
Lutidin 
Anilin 
! ('uespidm 

rtx» a 

ILH 
ICyfl 

( Acetic Acid 
] Propionic Acid 
Butyric Acid 
Valerianic Acid 
Phenol 


25.00 tar water 


bast's 


acids 


water 


25.00 peat coal 
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Dkhthuctivk Distillation ok Bituminous Coal. 


(It. Wagner.) 

100 parts gas coal of the. following eomposition: 


C. 

Disposable 11... 

N.‘. 

B. 

IIjO eheinic combined . . 

II,() hygrose.opie. 

Ash ... 


7N.0 per cent 
4.0 per cent 
1 .5 per e.('nt 
0.S per cent 
5.7 per cent 
5 .0 per cent 
5 .0 per cent 


Products of dry distillation: 


100.0 per cent. 


1. 70 75 parts of eoke 


carbon containing H 2 and O, 90-95% 
P(yS 8 and earthy matters, 10- 5% 


2. Tar water (ammonia water) containing 


(«) Main components (water, carbonate of ammonia and 
sulphide of ammonia). 

(/?) Additional components (chloride, cyanide and sulfo- 
eyanide of ammonia). 


5. Tar, containing: 

(o') Liquid hydrocarbons (Benzol, Tolnol, Pseudoeumol, 
Oyanol, Propyl, Butyl, etc.). 

(/?) Solid hydrocarbons (Naphthalin, Acetylnaphthalin, An- 
thraeen, Reten, Chrysen, Pyren). 

(f) Substances containing oxygen (Phenol, Kresol, Phlorol, 
Rosolic Acid, Oxyphenolic Acid, Creosote, Pyridin, Anilin, 
Picolin, Lutidin, Collidin, Leukolin, Iridolin, Akridin). 

(!i) Asphaltic substances (Anthracen, Resins, Coal). 


4. Illuminating Gas: 


(«) 


Illuminanta 


'Gases: Acetylcn, Ethylen, Propylen, Bu- 
tylen. 

I Vapors: Benzol, Styrol, Naphthalin, 
[ Acetylnaphthalin, Propyl, Butyl. 
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(ft) Diluting parts (Hydrogen. Methane, Carbon Monoxide). 

(y) Impuriti<'s (Carbon dioxide, Ammonia. Cyanogen, Hhn- 
dan, Kulfnretted Hydrogen, Sulfmvtted Hydrocarbons, 
Bisulphide <>f Carlton, Nitrogen). 

The manner in wliieh tin* distillation prorat'd* and the 
quantity and composition of the various products are distinctly 
affected by other factors than the character of the raw mate¬ 
rials. The most important of these factors is the gasifying 
temperature. 

L. T. Wright lms distilled at different temperatures a coal of 
the following composition: 


0.7d 71 p*r cent. 

II,. <i 27 jht cent, 

S. 1.72 |M*r cent, 

N. 1 72 |ter cent, 

0. II .W }s*r cent, 

Ash. 2 tHI per cent, 


KXl (K1 per cent. 

The yield of 1(K) kg.of coal at a gasifying temjtemture of K00° C. 
is given in Table XCII. 

TABLE XCII. 

ANAI.YHIH OF nKHTHUCTI VK HISTII.WTION l1{t»llf«TS, 


100 Kk. (but 

Y Idldwl. 

V 

H, 

s , 

hn 

f» 

A*h 

I'hSaI 

ytm 

Coko. 

57.3* 

1,24 

1 05 

1 00 

i m 

a »b 

114 07 


Tar. 

6,11 

0.411 

0.05 

0 06 

o,ao 


7 m 

b 4 ;i 

Gas water,.... 

0,08 

1,06 

0.13 

0.33 

n.tm 


!l 7u 

M */S 

Gab.... 

7 56 

3.K5 

trued 

0,3® 

1,40 


tj n 

21140,0 

hi purifying miutN 

0/22 

0.03 

0 30 

0.50 

o m 


i mi 

• « - • 

Total........ 

71.35 

5.03 

1 01 

1 71 

it » 

t m 

m m 


. , . 





„. „ 


„ 

, 
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The yield obtained at a temperature of 1100° C. is given in 
Table XOIIL 

tab bio xgiii. 

ANALYSIS OF DFSTRUOTI VN DISTILLATION PRODUCTS. 


II, S N <> Ash. 


100 Kk. Coal 
Y ieldcd. 


Total. Inters. 


Coke.... , 

57,95 

0.70 

0.77 

0.47 

1 

Tar... 

4.7K 

0.38 

0.06 

0.05 

1 

Gam water....... 

0.0K 

1.06 

0.13 

0.21 

8 

Gab.. .. 

8.53 

3.42 

trace 

0.86 

2 

In purifying miuw 

0.38 

0.04 

0.74 

0.02 

0 

Total. 

71.73 

5.61 

1.70 

1.61 

13 


At 1100° C. 


There wah further 

Boot in tar.... 15 per cent 25-30 per cent 

Hnooifio gravity of gm water. 1.0 1.2 

Illuminating power of gan at an 
hourly urni of 150 liter# . IB candles 15.3 candles 



With increasing temperature the gas quantity (volume), the 
sjteeilie gravity of the tar, and its content of soot, increase, while 
tlie crude naphtha and, especially on light tar oil, content of tar 
considerably decrease. 

With increasing temperature the creosote and anthracen oil 
content decreases, while the pitch content increases. The 
sulphur content of the gas other than that in the form of H 3 S is 
three times as great at the high as at the low temperature. The 
ammonia content is small at low temperature, is a maximum at 
medium and decreases with temperature rise at high temperature. 
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TV course of distillation is different at the iK-ginuing and at 
the end. In the Paris gas plant at a temperature of 1000° ('. 
there is obtained: 

Time of distillation, hrs,0 l 2 .'t t (i 

Volume of gas. 0 17 .'5(1 27 20 0 0 

Ilium, power per lOo 1. .0 l.lb 0.‘M) ll.dO 0.10 0.1 0 


0. Cl. Miller divides the time of distillation into two periods: 
In the first, - the period of distillation projier at the com¬ 
paratively low temperature of .700° 1100“('. strongly illuminant, 
gases, steam and tar are generated while the coal is coked. In 
the second period (bright red glow) the coke, decreasing in 
volume, yields gases (alxmt one-third of the total gas volume) 
which are free of tor and of low illuminating jxiwer. The coke 
remaining at the end of the first, |>eriori is protoibly a mixture of 
very stable carbon-compounds having the average composition 
C 15 H 4 (). This substance is further decomposed in the second 
period at high temperature. But even at the highest practical 
heat it is impossible to remove the traces of oxygen, hydrogen 
and nitrogen. 

If large quantities of coal are put, into highly heated retorts, 
both processes take place simultaneously. The two, however 
(coal decomposition and coke deoomjHisition), could l>e separated 
by using two furnaces, one for heating the material to <*00 degrees 
and removing the tor, the other to rieeomjHise the coke. Much 
a separation might las practicable under eerriuu conditions. 
The experiments marie by Mueller on a small scale confirm the 
well-known fact that only one-fifth of the nitrogen of the coal 
is present in the form of ammonia eomjHHmris; further, that the 
ammonia is formed in the first part of the rieeomjxssition of 
coke. The ammonia yield was 
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How the composition of the products changes by using dif¬ 
ferent, qualities of gas-coal is shown in Table XCIV. 


TABLK XOIV. 

OHANOK IN COMPOSITION OF PRODUCTS WITH QUALITY OF COAL. 



Hilumlnous (!<m 1 from 

Pas 

do 

Palais. 

Eng¬ 

land. 

(•oinen- 

tr.y. 

Blauzy. 

a 

U a (), hygroscopic... 

2 

17 

2 

70 

3.31 

4 

34 

6 

17 

*2 

Anli... , . 

9 

04 

7 

00 

7.21 

8 

8 

10 

73 

a 

() ... 

5 

50 

0 

06 

7.71 

10 

10 

11 

70 

a 

• • • .■ ■ • • • .. 

5 

06 

5 

36 

5.40 

.5 

53 

5 

64 

0 

w’ 

(• .. . . . , .. 

*N... . 

88 

38 

80 

97 

85.89 

1 

83 

37 

81 

66 

n - 

... ... 

18 

70 

15 

08 

15.81 

16 

95 

17 


J ,mC 

'Fur. .. 

3 

00 

4 

65 

5.08 

5 

48 

5 

59 

3 ^ « 

Ammonia water... 

4, 

.50 

5 

57 

0.80 

8 

01 

9 

86 

roke. .... 

71 

.48 

57 

03 

64.90 

60 

88 

58 


*< 

Coal diiHt .... .. 

6, 

.33 

7 

07 

7.41 

8 

08 

0 

36 


[Volume, cu.m ........... .... 

30, 

.13 

31. 

,01 

30.64 

29 

73 

27. 

,44 

a? 

Illuminating power, Cared l . 

131c 

112c 

104c 

102 

1c 

101. 

,8c 

J 

<’<>,. 

1 

47 

1 

58 

1.72 

2 

79 

3. 

13 

© , 

OO . . .. 

0 

08 

7 

17 

8.21 

9 

86 

11. 

93 


.. .. 

54 

21 

52 

79 

50.10 

45 

45 

42. 

26 

3 

<’a. 

34. 

37 

34. 

43 

35.03 

36 

42 

37. 

14 

c 

. 

0 . 

70 

0 . 

90 

0. 96 

1 

04 

0 . 

88 


<’A . 

2. 

48 

3. 

02 

3.98 

4 

44 

4. 

76! 


The influence of the mineral substances on the course of dis¬ 
tillation is remarkable, as is seen from Knoblauch’s researches. 
He mixed with his coal 2.5,5, and 10 per cent of lime, and 5 per 
cent silica respectively. The table on following page shows the 
differences of yield with these mixtures (from 1000 kg. of coal). 

We see that the quantity of products of distillation is not 
changing in proportion to the quantity of the addition. The 
gas yield, however, seems to he an exception, as it increases in 
proportion to the addition. The yield in ammonia increases 
very slowly as the lime is added, so that with a certain quantity 
of lime a maximum is reached, above which even a large addition 
of lime has no effect. There is no relation between silica and 
ammonia and 1I 3 S, since no reaction takes place. The small 
differences shown in the above table are caused by variations in 
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the decomposition of the coal, since the quantity of cuke 
increases with additions more rapidly than the quantity of tar 
decreases, and since at the same time gas quantity increases the 
carbon content and therefore the illuminating: power of the mis 
is necessarily decreased, which decrease is not sullieiently 
counterbalanced by the increased yield of gits. 

TAHLK \<'V. 

EFFECT OF ADMIXTHtE OF I.IMK \\ 1 » SlI.U'A IV OIHI IIJa M<»\ 


1 


\ 000 Kit. Fo»l. 


(Jan, cu. m. inemiHio,. 

Ooko, kg, incrottHt). 

Tar, kg. tl (scrotum . 

Ammonia, kg. incrtmHo. 

Sulphate, kg. inoroitHo f . 

H 3 H, kg. (tecrotuw.... 

II a H, cu. m., ctermum , , . . . . 
Ammonia I, in par con X J mvnmm* 
H a H. . . . , | of yield I clarntiiiir 


tif f.ltli*' | 

i 1 


J ft 

ft 

Ht | 

IVt rrttl 

IVt mil ' 

t*» t t rill ! 

j 

II 7 

20 1 

ill a 

III H 

IH 2 

17 ft 

ft 2 

7 tt 

II II 

« 4h:i 

i! 60K 

11 13 

2 112 

2 fill 

a h 

I 42 

I Is 

1 H 

II !i:t 

i oa 

: t« 

n a 

2ft 7 

mi a 

fill 7 1 

till 2 

i 

7 «t 2 


| I I 


Addition 

of 

Hlltnt, 

ft 

IVt rtitl 


21 ft 

27 4 

II H 
0 IS 

o a? 

Ci 21 

I), I3K 

Cl 7 

K H 


For coals of approximately the same composition the tests 
coal we can estimate the effect of adding 2./» jht cent of tinu* as 


follows: 


1. The yield of gas is increas'd ft jier cent, the illuminating 
power decreased ft per cent. 

2. The yield of coke is 4 jht cent higher, of whieh 2.ft j*er cent 
is lime, so that the actual increase of coke-output is I.ft per cent. 
This increase is not accompanied by an increase in themial 
value, on account of the higher ash content. 

A. The quantity of tar is decreased 10 per cent and its quality 
deteriorated. 

4. The ammonia output is increased 20 j»er cent. 

5. The HjB output is decrease! at the rate of 1.1 per KNK) kg. 
coal. 

0. The CO, of the crude gas is increased 10 |*er cent. 

7. The formation of cyan is somewhat decreased, but the 
quantity of ferrocyan is not changed. 
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This point., however, and also the question as to what extent 
the higher sulphur content of the coke (in the above case about 
0.2 per cent) appears as combustible sulphur, have to be further 
considered. 

W. Jieinski made experiments with Moravian (Austria) coal 
from Owtrau of 5 mines; the composition is given in Table XCV, 
and the yield from destructive distillation is given in Table XCVI. 


TAIiLU XOV. 

COMI'OSITION OK MORAVIAN COALS. (Jieinski.) 


Alr-drlwi 

Goal from 


Percentage of 


Coking 

Quality. 

Quality. 

G 

II 

o 

N 

AhIi. 

Johann . . 

81.74 

5.53 

0. 18 

1.31 

5.24 

Good 

Gas coal 

Adolf. 

81.80 

5.23 

8.31 

1.76 

2.89 

Very good 

Gas coal 

Gunther .. 

80.54 

5.09 

7.06 

1.43 

5.27 

Very good 

Coking coal 

Franzinka,. 

83.35 

4.00 

5.06 

1.52 

5.37 

Excellent 

Coking coal 

Juliana.... 

86.70 

4.00 

3.51 

1.30 

4.73 

Fair 

Anthracite coal 


S Content: 0.50 to 1.05 per cent. P Content: 0.004 to 0.108 per cent. 


TABLE XCVI. 

YIELD FROM DESTRUCTIVE DISTILLATION OF GOALS GIVEN IN TABLE 


XOV. 


Mine. 

Per 

l Kg. of Goal 

Goke ItPHiduurn. 

On 

M. of Gan. 

Per Cent. 

Johann. ......... 


30.80 

07.00 

Adolf..... ..... 


30.02 

70.00 

Giinthar.. . . 


29.90 

75.00 

Franz is kn. ... . 


28.00 

81.38 

Juliana,........ 


27.12 

80.02 


The ammonia output is not in proportion to the nitrogen 
content of the coal. Ammonia seems to separate from some 
coals easier than from others. As an average about 0.75 of the 
total nitrogen of the coal remains in the coke; this is the so-called 
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coal-nitrogen, wliirli is only gndficd in tin »«• .uiplfli- combustion 
of flu* coal. About 0.2A of the total nitrogen the ammonia 
nitrogen — takes part in the formation of ammonia, lint oven 
from this, one part twain* as cyan or m- five nitrogen, so that 
the quantity of nitrogen actually available for tin* ammonia 
formation is only O.INN to O.OW of the total nitrogen. The table 
below shows the available quantity of ammonia nitrogen in some 
coals. 

The tar from coke ovens contains generally 


Benzene. 

Naphthalene. . .. 
Anthraeen...... 

Pitch........... 

Other residuum.. 


tl.tt l.ftfi per cent, 
1,2b m,27 per cent, 

0,5# (MU per cent, 
, . ,. M j«*r cent, 
. .... 40 jter cent. 


TABLE XrVIL 

AVAILABLE UPANTJTY AMMOM A IN COALS 


Mint*. 


KaiHcrntuhl 
Pluto 

Wilhelmimi 

Johann 

Adolf 

Gunther \ Austria 
Eranasinku 
J ultima 

Upper 8ilc«ia, average 
PricMlatmhoffnung* 

Karl, Georg 
umi Viktor 
England, average*. 


Wwtphithii 


Lower Hllnnia 


i itt 

i m 

I 77 
1 31 

1,70 
I 43 

um 

I 30 

i it 

tin. 

known 

1,40 


A* sOkfiS** 

$m Ml. 


£ 


1 ‘ 


II 144, 
li 15 tv 

it l 42; 

n i ini 

ti vm 

0 VMl\ 

tl OHtlJ 

o m\ 

fl ti»j 

On. | 

known ! 

o ti?! 


v v 

•** V' i 

t \ .*■ i 

ii mi 

ti 212 ; 

it 

II IM| 

ti ml 
« !?;» 

o 1:1,7 

fl 171] 
o y§tt: 

II tllHj 

» m\ 

ti mm 


l 1 


«l 244 

ii m 

tl Mm 

ti m 
n 

tl 2111 

« mm ii ti 4 
t» is:f| «i m 
o ittu; i 40 
tl 21141 ti 70 


«! m 

i mt 

s m 

it in 
t 114 

II HI 


« mi 
fl 2St 


i m 

i if 


:i 4 j 

'i 7 
1,7 
1 If 

2.0 

1 ft 

If ti 

a ti 

2 3 
It 12 


The average tar output on a large mile U from 2 to ii per cent 
of the coal. The difference bdwmt coke oven gas and gas 

house gas is given in Table XCV1IL 
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TABLE XdVIII. 

ANALYSIS OP OOIvl'I OVHN AND It.UTMlNATINC (JAW. 


Bonaole vapor. 
Klhvlene. . 


(X),. 

CO. 

H,.. 

on 4 . 


Hum.. 


MMMltS. 

Coke Oven 

From (Jus 


riou.se 


Per Cent. 

IVr Cent. 


0.61 

1.54 


1.63 

1.19 


0.43 



1.41 

0.87 


6.49 

5.40 


53.32 

55.00 


36.11 

36.00 


100.00 

100.00 


The experiments relative to the yield of carbonizing (coking) 
peat made by Sir Robert Kane and Professor Sullivan have given 
the following results: 


TABLE XOIX. 

ANALYSIS OP CORK OVKN (IAS. 


OwhiclM obtained 

by Coking. 


Mathanu. , 
Curium monoxide* 
Carbon dioxide*.. 
Oltdina urn. .... 
HfS. ......... . 



Coka... . 

Volatile* aompoucmtH 
Combiwtiblo kuh©h . , 


mi 


From an Oven at 
Heraing (Kbelmeu). 


2 | 71 | 14 

I learn utter Starling. 

A VtT- 1 

age. 

1.44 

4.17 

10.13 

1.66 

3.91 

9.60 

0.40 

2.19 

13.06 

1.17 

3.42 

10.93 





’fK28 

’3.’67 

”i!ib 

3.68 

77! 98 

81 ’ 16 

83.25 

Hoiao 














i 

i 




From Alfre- 

From 

ton Coal, 

Gas- 

Distilled 

forth 

(Bunsen). 

Coal 



For- 


(Bun- 

sen). 

Back- 

ward. 

ward. 

7.0 

6.6 

6.2 

1.1 

1.6 

6.3 

1.1 

1.1 

2.3 

0.7 

0.5 

1.6 

0.5 

0.2 

0.2 

0.5 

0.4 

1.4 

0.2 

0.2 

0.3 

0.03 



7.5 

12.23 

12.4 

9.7 

lie.e 

68.92 

07.2 

65.1 

30.8 

to 32. 

7% 

19.2 to 22. 3% 


100 pounds of i>eat of different quality was coked in retorts 
similar to illuminating gas retorts. The volatile matters were 
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condensed in a numlHT of Wrntlf buttles and in a moled mil. 
The gases were 1 also collected i Table O. 

TABLE <\ 

raonUCTH OF FKAT 01 STI I.I.\ l*B 


(IOvnn mix Out of 
T . , . , light ami heavy 

Light pout 0 f Mount Lu 

Donnopoat ^ Bor ncMiP p h il 

lipstowu. 

Light peat from Wood of Alien 
Heavy peat from Wood of Allen , 
Upper layer of Tieknevin..... 
Upper layer of Tieknevin, distilled 

at red glow... 

Upper layer of Shannon. . . . 
Dense peat............. . . . 

Average, ......... . . . 


m ttciti 2 titw j ;i? raid 


;12 273 ;t S77 

:m i u2 2 nil 

:m tm 2 tun 

32 CltlM 2 ;144 

3H 127 4 417 

21 I Hll 1 4tI2 

;n :m 2 ni 


IB 132 25.018 

:ri im m 480 

31 1111 32.348 

23 437 42 121 

21 H73 35 803 

18 »?;§ 57 748 

211 Tit 38 808 


TABLE H, 

FHonui’TH mtm iuhtiuatios* of flat 



\tv|?r Arid 


[Even mix* i 

tures of 

Light light and 

peat heavy peat 0.302 1.171 0 078 II 111 0 002 II 1124 II 884 0 488 

Denso of Mount 
peat Lucas Bog, 
near Phil¬ 
lips town 

Light peat from ; 

Wood of Allen,. 0.187 0,725 0 201 fl 302 If 171 ft III II 721 0 750 

Heavy peat from 

Wood of Allan .. 0.303 1.524 0.385 0 410 0 107 0 075 0 571 0.558 

Upper layer of Tiek¬ 

nevin. 0 210 0 814 0 188 0 287 0 147 0 170 0 262 0 517 

Upper layer of Tick- 
nevin, distilled at 

rod (flow. 0 105 0 785 0 208 0 305 0 181 0 105 0 818 0 403 

Upper layer of .Shan¬ 
non... 0,404 1.576 0 205 0,200 0 132 0 181 0 820 0 880 

Dense peat. 0.181 0.702 0 161 0 238 0 110 0 II3j 0 847 0 288 

Average. 0 288 1 037 0 101 1) 280 0 148 0 134 0 700 0 550 
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The analysis of the tar water and tar showed for the qualities 
veu in Table (<I. 

Table Oil gives the results of another scries of experiments in 
whieh a part of the peat was burned by means of a blower. 

TAB I JO (UI. 

PKAT DISTILLATION. 


Origin. 


Bight, peat from Wood of Alien .. .. 
Heavy peat from Wood of All(*n ... 
Upper layer of Shannon........... 


Water. 

Tar. 

Ash. 

Gases. 

30.678 

2.510 

2.493 

63.319 

30.663 

2.395 

7.226 

59.716 

29.818 

2.270 

2.871 

65.041 


For furt.lu*r comparison the figures given in Table CIII, taken 
from lx>th series of experiments, will be interesting: 

TABLE 01II. 

PKAT DISTILLATION. 



Tar Water 


Tar. 

t)r lain. 


Acetic 

Alcohol 

Paraf- 

Oil 


JN il.,. 

Acid. 

ch 4 o 

fin. 


Light peat from Wood of Allen ...... 

0.322 

0.179 

0.158 

0.169 

1.220 

Heavy peat from Wood of Allen .. 

0.344 

0.268 

0.156 

0.086 

0.946 

Upper layer of Shannon... 

0.194 

0.174 

0.106 

0.119 

1.012 

Average. .. .... . • ■ ■ ■ 

0.287 

0.207 

0.140 

0.125 

1.059 


These bibles also give an idea of the valuable products obtained 
by distilling peat. Table CIV from Muspratt’s Chemistry gives 
the yields from Irish peat. 

TABLE CIV. 

OKHTIUreTIVK DISTILLATION OP PEAT. 


Products of Destructive 
Distillation. 


Ammonia. ............. 

ormdphate of ammonia 

Acetic acid ............ 

or acetate of lime..... 

Wood alcohol .......... 

Olli......... ......... 

Paraffin.. • • ■ 


In Closed 
Vessels. 

With Admission 

of Air. 

0.268 

0.287 

1.037 

1.110 

0.192 

0.207 

0.280 

0.305 

0.146 

0.140 

1.340 

1.059 

0.134 

0.125 
















226 


HK.iT i:\ i:h'<;y .w i> rrn.s 


tabu: cv 


DKSTitrrn vk 

iusnUovn<»\ 

tU PI \l 



l K.lltr 


Krtw|M‘4itw 

Yield in Per (Vuf. 

i ittid 


*»f It 8>it| 

j MiiUi\«ut. 

i*M < UK 

jiv.u rointittuy J 


j |Vr cVfft 


IV| t Vl»t j 

Sulphate of ammonia,. . 

Acetic; acid. . 

i i mi 

I (1 807 

1 000 

It TJH 

i mm | 

or acetate of lime... 

i tt um 


It 700 ! 

Wood alcohol 

, 0 HO 

ii 232 

Ct IKS 1 

Tar... ■ 

2 mm 

! 4 440 

j 

Paraffin. .. 

ti taa 


! it 104 

Oils. 

I iififi 


; it 701 , 

The average composition 

of jn*r(Wtly * 

Irv |K*at-c. 

mi y 

0. 


7."> to K“* jM*r cent 

H a . 


2 to 1 

jH*r cent 

t). 


10 to l."» 

jter cent 


Ash... "> to to jH>r cent. 

The per cent of ash can Ik* ns high or higher than 60 jkt cent. 
Air-dry peat-coal contains at leant 10 |«*r cent of hygroHcopic 
water. The sulphur and phosphorus content of the nsh is some- 
timoH considerable. 

tabu: cvi, 

DKSTIMHTl VK l)IHTII.l..\T(OV OK I'KsVJ 


Product* of Diminution 


IVut fttmi \niiwiii4. 

? Wjufrlifiwftti 5 

\ 1 II 

ivt ivtii. 


I%ml from 

i t|ilm|»tirg 4 
«VoltII 


Water in peat.. 

33.88 

.«« a« 

a*r ifrv 

Ash in peat 

e 78 

% 4# 


Coke.. 

37 70 

{ 23 77 

. %r> nm 

Ammonia water.. . 

mi in 

' 3* ill 

, 40 0000 

Ammonia in mime.. 

It 32 

: tl 25 

\ 


’light oil.... 

ft 435 

I ») ISO 

i 1 7883* 


heavy oil. 

l 103 

5 1 124 

1 7715 


paraffin matter.. ., . 

1 0431 

] 2 

m 


asphalt. 

! 1 

t 1 

2 1 MM 

Tar 

paraffin..... 

! 

[ 


m <1 3008 


creosote.. 

I 


, ii mm 


carbonaoooUM res kluum 

1 103 

: ti 003 



loss.... , ... 

0 304 J 

i 0 i34 

1 


0ttS©8.... 

Vapors,, ., 
Total... 


3 ! 


I? 4A0 


i mi :w 


ii n 


100.10 


is 


1100 0000 


* 'Phis tar-output i« # aeaonfiug to tm high, fimbahly mi 

aeeount of soma water biding present, 
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Peat-coal is very porous and light, has a specific gravity of 
0.23 to 0.3N, ahsorl)s dyes and odoriferous substances, and is 
therefore used for removing fusel oil from brandy, as disinfectant, 
and as fertilizer. 

If is easily ignited and continues to burn even with very weak 
draught. The calorific value varies from (>500 to 7000 cal. 

lirown caul {ligm'le) coke. Earthy brown coal disintegrates in 
the heat and therefore cannot be coked. Of this class of fuels 
lignite and pitch coal an' almost the only ones that can be used 
for this purpose, and lignite furnishes a coke similar to charcoal. 
The destructive distillation of lignite yields 


40 to f>0 per cent. Coke 

12 to 20 per cent. Tar water 

14 to 35 per cent. Tar 

12 to 25 per cent. Gases. 


Coke from bituminous coal is generally dark gray, sometimes 
silver gray, light gray or black. The light coke is melted, the 
«lark generally baked. 

Coke-oven coke is generally less dense than gas-retort coke, 
which explains the advantage of the former in metallurgical 
operations and firing. According to Muck the specific gravity 
varies from 1.2 to 1.9. 

In practice the strength and composition of the coke is of 
importance, the former for blast furnaces on account of the great 
weight of the charge', the latter on account of deleterious effects 
of certain substances. 

Director Jugnet has found the following data relating to 
strength of coke: 

Oarve’s oven 70 cm. 00.4 kg. per sq. cm. 

Oarvo’s oven 0(1 cm. 79.72 kg. per sq. cm. 

Carve’s oven 50 cm. 92.32 kg. per sq. cm. 

Beehive oven 50 cm. 43.92 kg. per sq. cm. 

Smet oven 50 cm. 42.12 kg. per sq. cm. 

Copp4e oven 50 cm. 80.50 kg. per sq. cm. 

Relative to the composition, the quantity of sulphur and 
phosphor is of technical importance. 

Coke is hard to ignite, bums with a short, blue flame, and 
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requires a strong air draught. The rnl<*ritii‘ \alue is from TtHKI 
to 7X00 cal. 

A hair-like formation, called coke-hair, i* sometimes formed 
on the surface of the coke. This coke-hair i< free of ash and is 
the coked residuum of tarry products of distillation. The 
composition (dried at 110° ('.), according to \ . 1’latz, is 


(t. . , 9.Y729 |mt cent 

H 2 . 0..TS-I per cent 

O. ti.ssT |H-r cent 


Ash 


KK).(KK) jkt cent, 

We will now discuss in a few words pressed coal, or briquettes. 
In order to utilize the culm coal it has Ihh-h attempted (with or 
without, suitable binding materials) to combine the small pieces 
into larger pieces calks 1 briquettes, and we have: 

Peat hrupuitex or prexml /teat, which is made and us<*d in the 
vicinity of peat deposits. 

Soft coni briipiettcx, in which tar, pitch, asphalt, starch, 
molasses, clay, gypsum, alum, lime or soluble glass, etc., is used 
as binder. The coal dust, is mixed with tin* binder and pressed 
into bricks. They have frequently the disadvantage of do vein j>- 
ing smoke of disagreeable odor or containing too much ash. 

Charcoal or coke briquettex an* made in the same way. 

Liqnile Imqudtex. Here the resinous and other organic 
matters of the coal serve as a binder. The coals are dried until 
they contain alsmt lf> jkt cent of water and are then pressed hot 
(at KXXMhOO atm. pressure). The content of water is necessary 
for preventing the decomposition of the organic sulwtonees. 
The manufacture of such lignite* is steadily increasing in Germany 
and Austria. In 1901 120,(MX) carloads of briquettes were sold 
for domestic, use in Berlin, and only fXXK) carloads of soft coal. 

The combustion of these briquettes is [x*eu!iar, as for a good 
utilization of the find a very weak draught lias to lx* used, where¬ 
by the lignite is burned very slowly, giving most of its heat off 
to the stove. With a strong draught the briquettes are burned 
quickly, and the largest part of the heat is lost through the 
chimney. 

The. analysis given in Table GVII is token from the Zeitoehrift 
des Vereines deutseher Ingenieure (1887, page 01). 
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TAB LI'! CVII. 


(’C)MPOSITION OK LKJNITIO HIUQITIOTTRH. 




Anil.. 

5 83 

Water. , 

10.81 

Volat ilc mat tor. .. , 

24.511 

Fi xod carbon . ., , 

48,88 

( -nlorific value. 

820! 


2 

3 

4 

5.59 

5.93 

5.95 

18.67 

21.10 

22.46 

50)79 f 75 72 

28.52 )- 2 . 
44.88 ) 

16.74) „ 
54.74 ) a ’ 4 * 

3215 ('al. 

3159 Cal. 

2784 Cal. 


I and II are Rood, III and IV inferior briquettes. Briquettes 
from Sehallthal (Styria) contain: 


V. 48.21 per cent, 

H 3 . 3.99 per cent, 

O. 19.92 per cent, 

H. 1.35 per cent, 

II„() (hygroscopic). 15.63 per cent, 

Ash. 10.91 per cent. 

Thermal value. 4280 cal. 

The analysis of the so-called Clara briquettes shows: 
Elementary analym: 

C. 48.72 per cent, 

H,. 5.80 per cent, 

O and N. 22.93 per cent, 

Ash. 12.62 per cent, 

11,0 (hygroscopic). 10.93 per cent. 

Intermediate analym: 

II,O (hygroscopic). 10.93 per cent, 

Volatile matters. 44.21 per cent, 

Fixed carbon. 32.24 per cent, 

Ash. 12.62 per cent. 

Calorific value (determined in calori¬ 
meter). 4656 cal. 

Effective thermal value (II,O formed 

calculated as steam). 4349 cal. 

Calorific value of the coal free of ash and 
H,0. 5688 cal. 
























CHAH'KR XVII. 


COKING APPARATUS. 


Tiik apparatus for manufacturing coke (ami jteat-coal) from 
raw fuels can be classified as follows: 

A. Coking in piles. 

(«) The piles are built- with coal lumps exclusively and 
covered with earth. The pile has a shaft o| toning in the 
(•(alter and draught holes (Fig. AS). 

(JH) The pile has a brick shaft in the center {Fig. "»{>). 

(p) A channel on the lxittom of the pile and a movable pis¬ 
ton in the shaft serves for saving the products of distilla¬ 
tion: Dudley’s coke pile. 


ji*"” || 

; i j 

“ - j* % 

ii 


■ ? 


(a) Analogous to the heaps used for elmmng wood 
W) Hearn temporarily surrounded with Ixmrds tlil 
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C. In do,sod piles (kilns) with brink walls on the sides. Gen¬ 
erally rectangular and provided with charging doors in the center 
of both short sides. Vertical and horizontal air channels, which 




can be partly or entirely closed with bricks, Otc., transverse 
the walls and serve for regulating the air admitted. The pile 
is covered with coke culm (Figs. 60 and 61). The Schaum- 
burger coke ovens belong to this class. 
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I). Coking in closed owns. 

(a) (Ivons with admission of air to the interior, the limit for 
coking being f urninhcH l by partly burning the coal to lie 
coked. To this class Ixdong the older const met ion of 
Riesa (Figs. <>2 and hd), and the Ireliivr ovens (Figs. iy[ 
and bo). The latter are largely used in America and 
England. 



Ftci 67. -—Htwt Ion nf Fpiini*«k*lt#xr«ifti Oitiii 


The composition of the gases from these ovens whs given in the 
laat chapter (Table XOIX), Since these gases contain a largo 
amount of combustible matter at a high tcmjiemtuns their util¬ 
ization for heating purposes wm suggested. This purpose is 
frequently accomplished (in connection with the I archive fcyjje) 
by heating hoilent with the gases; in this mm* tin 1 boiler* aw 
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built, on top of the oven. Some of the other methods of utilizing 
this hold are: 

(/>) Coke ovens without admission of air to the interior, 
which are heated by the gases generated during the 
coking process. The coking is performed in chambers 
of prismatic, form, which are classified as 
(<v) Horizontal ovens: 

1. Without, condensing plant for the gas. 

2. With condensing plant for the gas. 

(/?) Vertical ovens: 

1. Without condensing plant for the gas. 

2. With condensing plant for the gas. 

( r ) With inclined axis (system Powel and Dubo- 
chet) has not come into practical use. 



Kju. ■■ - (k>ko Ovm, Hyntom Hmot (elevation) . 

The horizontal ovens are constructed in different styles accord¬ 
ing to the path of the gas through the furnace. The most im¬ 
portant types are: 

PranQoia-Rexroth coke oven (Fig- bb cross-section, Jig- 6 
longitudinal section through chamber). 
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1 lx 1 g!ini's leave the chambers at the. side's, pass through two 
horizontal channels (in the side walls) then through two horizon¬ 
tal channels in the bottom into the Hue. 

Sinot. coke oven (big. (iS, front view and section; Fig. 09, 
section through chambers and channels in the bottom; Figs. 70, 
71, details of doors). 

The gases go as in the previous type through horizontal chan- 


. .. SQQ 



nels near one of the side-walls and under the floor of the chamber. 
The gases leave the chamber at the highest point. 

Francois coke, oven (Fig. 72, cross-section; Fig. 73, longitudinal 
section). The gases of distillation leave at the side, the same as 
in the Francois-Rexroth system; the gases arc carried parallel to 
the wall of the chamber in vertical channels downward, under the 
floor of the chamber (however, in horizontal channels) into the 
flue. 

Himilar are the systems of Copp6e (Figs. 74, 75, 76, 77, and 78), 
and I)r. Otto. The main difference between these and the 
former types is the greater height, and length and smaller width 
of the chambers, whereby an increase in the heating surface is 
effected. 

Vertical coke ovens without condensation belong to the oldest 
types (Appolt system, 1854). They have an exceedingly large 
heating surface and were at one time held in high esteem. 
They are, however, very much more expensive to build and 
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operate than the horizontal ovens, so that they are only of 
historical interest. 

In tlit* ( Instructive distillation of coal, besides coke, a number 
of by-products, as tar, gas water, etc,., are obtained, the recovery 
of which in many cases is desirable on account of their content of 
valuable substances (ammonia, benzol, etc.), notwithstanding the 
loss of heat by cooling and the decrease in calorific value by 
removal of the products of condensation. 

As the by-product, recovery in the coke, industry is coming 
more and more into use, we want to show the changes in oven 
construction caused by the introduction of this process, taking 
as an example the. bottom-fire oven of I)r. Otto (Figs. 79, 80, 81). 

The gases pass up through two pipes provided with valves and 
connected to the highest point of every chamber into the receivers 
a, which extend across the entire battery of ovens, analogous to 
the hydraulic, main in a gas plant. In the receiver a part of the 
tar is condensed, and the gas goes through condensing and puri¬ 
fying apparatus, from here returning to the ovens. It passes 
through gas pipes h (one for every two ovens) to the burners of 
flu 1 combustion chambers. The air of combustion enters around 
every burner. The combustion gases go through the center of 
(he combustion chamber downward, through slots into a side flue, 
(below every coking chamber), which conducts to the main flue. 

In the more modern ovens the combustion air is preheated in 
n'generators Indore entering the ovens. 

The coke obtained in such an oven is removed rod hot and 
cooled with water, for preventing combustion in the atmosphere. 

For making peat-coal (coke) we have, besides the above 
apparatus, 

/i\ Ovens heated exclusively from outside: 

(«) With a special fireplace (Lottmann’s oven; Crony 
retort oven). 

(l>) With superheated steam (Vignolas’ oven). 

(r) With combustion gases Crane’s oven, using solid or 
gaseous fuel. 

Finally we, want to say a few words about coking of lignite 
(brown coal), which is carried on mainly in Baxony anil Thuringia, 
where coals rich in paraffin are mined. Rolle’s plate oven is 
almost exclusively used for this purpose. Such an overi can coke 



























240 


HEAT ENERGY AND FUELS 


2500 kg. of lignite in 24 hours, with a roal consumption of 25 to 
30 per cent and at a temperature of 800 to 900° 0. The yield is 


Tar.10 per cent, 

Water.50 per cent, 

Coke.32 per cent. 


The specific gravity of the', tar at 35° 0. is 0.82-0.95. 


Suggestions for Lessons. 

Examination of different artificial solid fuels; elementary 
analysis, calorific value, determination of the ash, sulphur ami 
phosphorus content, ash analysis; determination of specific 
gravity, strength and porosity. 

Yield by destructive distillation of carbonized fuel, gas, tar 
and tar water, also ammonia, acetic acid, etc. Herein the influ¬ 
ence of the temperature of distillation, slow or quick heating, of 
admixtures, etc., has to be studied. 






CHAPTER XVIII. 


LIQUID FUELS. 


To this class belong oil (petroleum), tar from destructive dis¬ 
tillation of coal and wood, schist-oil, and to a small extent certain 
vegetable oils, alcohol, turpentine, benzine, etc. 

The liquid fuels have the advantage of burning up without 
residuum. Such a residuum as remains of solid fuels might 
obstruct the grab', cause uneven air supply and incomplete com¬ 
bust ion. 

The utilization however, of liquid fuels presents some serious 
difliculties and makes the construction of well designed and 
carefully tested burners imperative. The main difficulty is the 
atomization, otherwise carbon is deposited, which will cause 
stoppages and block the (low of the liquid. 

A general use of liquid fuel is prevented by high cost. How¬ 
ever, under certain local conditions it can be used economically. 

The experiments for introducing alcohol as fuel on a large scale 
have so far not l>een successful. 

Table CVIII contains some data relating to the use of liquid 
fuels. 

TAB MO CVIII. 

COMPOSITION OK LIQUID KUHI,H. 


Composition in Pur cent. 


Kind of Find. 


( 


H. 


0 , 


Ash. 


American crude oil. 

Caucasian crude oil ... 

Refined American oil.... 

Coal tar.... 

Heavy oil from American petroleum 
Heavy oil from Caucasian petroleum 
Schist oil .. ....................... 

Tar oil..... 

Rar>a oil,.... — 


83.0 

85.0 

85.5 

90.0 

87.0 

86.7 


77.2 


14.0 3.0 
11.5 3.5 
14.2 0.3 

5.0 5.0 


13.0 

13.0 


0.3 


a. 


i ‘iia 


Calorific 

Value in 
Kg-eal. 


11100 

10300 

11046 

8900 

10900 

10805 

8830 

8830 

9620 
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HE A T ESERUY AS 1> FUELS 


The source of oxygen in petroleum is dissolved water; in coal 
tar the oxygen is partly chemically combined, partly from water. 


TABLE (UX. 

eoiui’osmoN ok liquid fuels. 


Liquid Find. 

! Burnt to 

Culorifio V 

; K&’-ou 1 

’ulm* m 

|MT 


! 

1 K«. 

1 Mot. 

Benzole. 

('() a and H a () liquid 

9997 

779800 

Hexane.. 

11525 

991200 

Hexane. 

“ u “ vapor 

10636 

914800 

Heptane.. 

“ “ liquid 

11375 

1137500 

Alcohol. 

4 I ft 44 it 

7054 

324500 

Glycerine. 

4 4 4 f ft ft 

4316 

397100 

Butter. 

44 it 44 44 

9231 


Animal fat average. . . . 


9500 



The residuum of the first distillation of crude oil is sold in 
Russia under the name of Masut. When heated to l/if) degree's 
it generates combustible gases, can lie ignited at 21f> degrees, 
ignites itself at .400 degrees, and its specific gravity is 0.91. 
The calorific value is 11,000 cal. In practice 02 kg. Masut 
replace 100 kg. good bituminous coal. 1000 liters of air are 
necessary to burn 1 kg. Masut completely. 

Table OX shows comparative data (Wright) which, however, 
change according to the construction of the fire-place. 


TABLE OX. 

THERMAL EFFICIENCY OF FUELS. 



(bleu Luted 

Actual 

Thermal 


Mvn|K»nttkm, 

Hvaporutian, 

KfHciwiey, 


Lb. EnglMi, 

Lb. KtifflWi. 

l*ter CJimt. 

Nottingham eannel coal... . 

12.27 

8.78 

71.00 

Gas coal.... 

14.24 

10.01 

70.30 

Gannel coal... 

12.23 

9.91 

81.03 

Gas-house coke.... .. 

.. ■ 13.83 

11.10 

80.62 

Tar. 

15.06 

12.71 

84.40 

Creosote. 

...... 16.78 

13.35 

79.86 























CHAPTER XLX. 
GASEOUS FUELS. 


Tiik gaseous fuels have, like the liquid fuels, the advantages 
of burning up without residue, of easy transportation to the 
place of combustion, and of convenient regulation of tempera¬ 
ture. Furthermore, the length of the (lame can be varied within 
certain limits, and for complete combustion a considerably 
smaller excess of air is required than with solid and liquid fuels. 
The gaseous fuels, therefore, have a higher temperature of com¬ 
bustion, and generate a smaller quantity of gaseous products of 
combustion than other fuels of the same composition, whereby 
a l>etter utilization of the generated heat can be secured. 
Another advantage 1 is that in this ease not only the air for com¬ 
bustion but also the gas can bo preheated. 

Such gaseous fuel occurs in nature and is then called natural 
gas. The average composition of Pennsylvania natural gas is 


Methane. 

Hydrogen. 

Nitrogen. 

Ethane. 

Ethylene. 

Carlton dioxide. . 
Carlton monoxide 


(17 per cent, 
22 per cent, 
2 per cent, 
5 per cent, 
1 per cent, 
().(> per cent, 
0.0 per cent. 


As the occurrence of natural gas is limited, similar gases are 
artificially produc<>(l for industrial use by the following methods: 

1. Dry distillation of suits tances containing carbon, as coal, 
lignite, peat, wood, fat, etc., whereby gases of distillation (illu¬ 
minating gas) are obtained. According to the raw material used 
the manufactured gas iH called coal gas, peat gas, wood gas, fat 
gas, oil gas, etc. 

2. Incomplete combustion of coal with insufficient amount 
of air, whereby generator gas, also (‘ailed producer gas or air gas, 
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3. Decomposition of water (steam) by flowing coal or com¬ 
bustion of coal by means of steam, whereby water gas is obtained. 

In special cases other methods are list'd for producing fuel 
gases, as for instance: 

4. Incomplete combustion of coal by simultaneous action of 
air and oxides, the latter thereby being reduct'd. This reaction 
takes place in iron blast furnaces and furnishes a gas of high 
fuel value, low in nitrogen anti high in carlxm monoxide, which 
is called blast-furnace gas. If water is list'd as oxide, semi-water 
gas or Dowson gas is obtained. 

5. For getting high temperatures or high luminant power, 
acetylene C 2 II 3 is sometimes used, which is obtained by reaction 
of calcium carbide and water: 

CaC, + 2 11,0 -- ('a (OH), + 0 3 ll r 
Wc therefore have the following summary of methods for the 

Production ok Fukl Gasks. 

1. By tlry distillation: 

From coal, coal gas, 

From peat, peat gas, 

From wood, wood gas, 

From fat, fat gas, 

From oil residue, oil gas. 

2. By incomplete combustion of coal: 

(a) With air alone, producer gas (air gas). 

(b) With air anti oxides of metals Fe 3 () 3 , etc., blast-furnace 
gas. 

(c) Air anti steam, Dowson gas. 

(d) Air and carbon dioxide, regenerated combustion gases. 

3. By decomposing carbides with water: 

Mainly calcium carbide, acetylene. 

Leaving aside the acetylene arul the blast-furnace gas, which 
are only of local importance, the following industrial gases have 
to be mainly considered: 

(1) Gases of distillation, obtained by tlry distillation of car¬ 
bonaceous substances. 

(a) Illuminating gas made in retorts. It is used for illum¬ 
inating, heating anti for internal combustion engines. 
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As nn example, the composition of French illuminating gas 
is given below, which is identical all over France: 

Weight of cubic meter 0.522 kg. 

Thermal value of 1 cubic meter 5000 cal. 

Weight, of 22.12 liters 2 grams. 

Thermal value of 2 grams 125 cal. 

Analysis in per cent by weight: 

Carbon, 12.2 pm - emit, 

Hydrogen, 21.2 per end,, 

Oxygen and nitrogen, 25.5 per cent. 

Analysis in per cent by volume: 

51.0 per cent II, 

22.0 per cent Oil,, 

8.8 per cent (X) 

1.8 per cent. (X) 3 

1.0 per cent () 3 I N 3 

1.1 per cent G # II e 

2.2 per cent absorbable CtiII 2 n 

100.0 

(b) Oases of distillation, produced as by-product in the 
coking or charring of fuels, mainly coke-oven gas. 

(2) Generator gas, air gas, or producer gas is properly the 
name of such gas only, which is made from carbon (charcoal or 
coke); i.e., from a coal free, from hydrogen and oxygen, and using 
dry air for the incomplete combustion. In practice, however, 
we comprise under the classification “generator gas” any gas 
generated in certain apparatus (gas producers) by leading air 
without steam through a glowing layer of fuel of sufficient height. 
The air never lx>ing dry, we get in practice always a mixture of 
generator gas and water gas, and also gases of distillation if 
crude, uncoked fuel is used. 

(2) Water gas is used for illuminating and fuel purposes. 

(4) Bemi-water gas or Dowson gas is used for fuel and power 
purposes, and is prepared by leading a mixture of air and steam 
through a coal layer in a producer. 



CHAPTER XX. 


PRODUCER GAS. 


If air is led at moderate speed through a layer of pure carbon 
(in practice charcoal or coke), incomplete combustion takes place; 
i.e. by the reaction of oxygon on the glowing coal, formation of 
carbon monoxide occurs: 

C + i 0 2 ~ ('O. 

Supposing the air to contain 4 mols nitrogen to 1 mol oxygen, 
which is probably correct, we can write the reaction: 

C + * 0, + 2 N 3 „ CO + 2 N 2 , 

and we get a gas which theoretically contains 2 mols N 2 to 1 mol 
CO, and should have the composition: 

CO 33.3 per cent by volume. 

N (>6.7 per cent by volume. 


This gas ought to yield per 22.42 liters if burned at constant vol¬ 
ume 0.333 X 67.9 = 22.61 cal. If burned at constant pressure. 
22.61 + 0.5 X 0.54 = 22.88 cal. The thermal value of the same 
at constant pressure would be per cubic; meter 1020.5 cal. 

The thermal value of 1 gram of gas is calculated as follows; 
According to the equation the gas has for every gram atom of 
carbon 


12 grams carbon ) „„ , . . 

,,, }• 28 grams carbon monoxide., 

16 grams oxygen ) 

56 grams nitrogen. 

Sum 84 grams. 


As 84 grams of gas contain 3 mols (CO + 2 N 2 ), 22.42 liters of 
the same at 0° C. and 760 mm. are equal to 28 grams, and there¬ 
fore 1 gram of gas generates 817 cal. 

This reaction however onlvt.alrea niece at trertr hin4i temnnea. 
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At lower temperatures a srwmil reaction occurs siniitl- 
,sly, and tin' extent to which it occurs increases with 
sing temperature. This reaction is 

(’ | <), 0 < 

he air is used instead of oxygen, 

(' I O, I I N, (’()., | 4 N„ 

.'ii these two reactions there exists a certain equilibrium 
■ry temperature and pressure. If we subtract the equation 

(! ( O, OO, 

2 0 b 0, -2 00, 

2 00 -00,1- 0, 

reaction actually takes place at. fairly high temperatures, 
dermines the* proportion of the two first reactions. If. is 
ible: 

2 00 <=t 00, t- 0. 

,s, while pure 00 within certain temperatures is decom- 
into OO, and 0, we find that under similar conditions 00 is 
*.(xl by reduction of OO, by means of 0. Therefore, there 
necessarily an equilibrium lietwcou 00, 00, and 0, which 
Is on the temperature and concentration (gas pressure), 
e out of two volumes 00 only one volume 00, is formed, 
nee the reaction, according to our equation (from left to 
tak<w place without decrease of volume, it is clear that an 
w of pressure facilitates the formation of C0„ while a 
se of pressure favors the formation of 00. Therefore, the 
ry air (wind) in a gas producer should Ixi of low pressure if 
■ugh in 00 is desired. 

influence of temperature on the equilibrium is shown by 
,lance of the reaction heats: 

0 }- 0, - 00, f 07,000 cal. 

2(0 ( O) - 2 00 ! 57,800 cal. 

2 0(f-(X >,' V 0 1- 59,800 cal. 


